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Retroviral VectOr 
pBIB-KS 

KOZak-Start 
GA TCT GCC GCC ACC ATG GAA TTC GAT ATC GGA TCC CTG CAG 

A CGG CGG, TGG TAC CTT AAG CTA TAG CCT AGG GAC GTC 
(Bg II) ECORI BamHI PSt I 

ReadingFrame 1 
AAG CTT GAG CTC GAG CGC GGC CGCTAA .. 3. GA KS1+ G 

TTC GAA CTC GAG CTC GCGCCGGCGATTAATCGA CTC AGC T 
HinDIII XhoI Not I Stop Stop stop (Sall) 

KOZak-Start 
GA TCT GCC GCC ACC ATG GGA ATT CGA TAT CGG ATC CCT GCA G 

ACGG CGG TGG TAC CCT AA GCT ATA GCC TAG GGA CGT C 
(Bg II) ECORI Bam P.St. 

ReadingFrame 1 
AA GCT TGA GCT CGA GCG CGG CCG CTA AT AGCTGAG KS2+ 
TT CGA ACT CGA GCT CGC GCC GGC GAT TAA TOG ACT CAG CT 
Hin) III XhoI Not Stop Stop stop (Sal I) 

KOZak-Start 
GA TCT GCC GCC ACC ATG GGG AAT TCG ATA TCG GAT CCC TGC AG 

A CGG CGG TGG TAC CCC TTA AGC TAT AGC CTA GGG ACG TC 
(Bgl II) ECOR BamHI PSt. 

ReadingFrame 3 
A AGC TTG AGC TCG AGC GCG GCC 3. 3. . . G 
T TCG AAC TCG AGC TCG CGC CGG CGA TTIA ATC GAC f GCT KS3+ 
HinDIII XhoI NOt Stop Stop stop (Sall) 

Fig. 2 
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PRIMER SEQUENCES-CP SWIB AND CP S13 

CP SWIB Nde (5' primer) 
5' GATATACATATGCATCACCATCACCATCACATGAGTCAAAAAAATAAAAACTCT 

CP SWIB EcoRI (3' primer) 
5' CTCGAGGAATTCTTATTTTACAATATGTTTGGA 

CP S13 Nde (5' primer) 
5' GATATACATATGCATCACCATCACCATCACATGCCACGCATCATTGGAATGAT 

CPS13 EcoRI (3' primer) 
5' CTCGAGGAATTCTTATTTCTTCTTACCTGC 

Fig. 6 
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T Cell line TCL-8 EBCD responds to E. Coli expressing 
ribOSomal S13 from C. trachOmatiS and from C. pneumoniae 
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Identification of T cell epitopes in chlamydial ribosomal 
S13 protein with TCL8 EB/DC 
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Proliferative responses were determined by Stimulating 2.5 
X 104 T cells in the pressence of 1 x 104 monocyte-derived 
dendritic Cells and Ct-EB (lug/ml). Ct-, CpS13 (2 ug/ml) 
Or the respective peptide (0.2u g/ml). ASSay Was 
harvested after 4 dayS With a 3H-thymidine pulse for the 
aSt 18h. 

Fig. 8 
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A primary T cell line (TCT-10 EB) from an asymptomatic 
donor has a C. trachOmatiS-Specific Swib response 
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With 1 lug/ml killed C. trachomatis LGV2 elementary body 
(EB). PrOliverative responses were determined by 
Stimulating 2.5 X 104 T cells in the presence of 1 x 104 
monocyte-derived dendritic CellS and the respective 
antigen. ASSay WaS harvested after 4 dayS With a 

3H-thymidine pulse for the last 18h. 

Fig. 10 
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Identification of T cell epitope in C. trachomatis Swib 
With TCL-10 EB 
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peptide 0.2 lug/ml. ASSay WaS harvested after 4 dayS With 
a H-thymidine pulse for the last 18h. 
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COMPOUNDS AND METHODS FOR 
TREATMENT AND DAGNOSIS OF 

CHLAMYDIAL INFECTION 

REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 09/288,594, filed Apr. 8, 1999, now U.S. 
Pat. No. 6,447,779, which is a continuation-in-part of U.S. 
patent application Ser. No. 09/208,277, filed Dec. 8, 1998 
now U.S. Pat. No. 6,166,177. 

TECHNICAL FIELD 

The present invention relates generally to the detection 
and treatment of Chlamydial infection. In particular, the 
invention is related to polypeptides comprising a Chlamydia 
antigen and the use of Such polypeptides for the Serodiag 
nosis and treatment of Chlamydial infection. 

BACKGROUND OF THE INVENTION 

Chlamydiae are intracellular bacterial pathogens that are 
responsible for a wide variety of important human and 
animal infections. Chlamydia trachomatis is one of the most 
common causes of Sexually transmitted diseases and can 
lead to pelvic inflammatory disease (PID), resulting in tubal 
obstruction and infertility. Chlamydia trachomatis may also 
play a role in male infertility. In 1990, the cost of treating 
PID in the US was estimated to be S4 billion. Trachoma, due 
to ocular infection with Chlamydia trachomatis, is the 
leading cause of preventable blindness Worldwide. Chlamy 
dia pneumonia is a major cause of acute respiratory tract 
infections in humans and is also believed to play a role in the 
pathogenesis of atherosclerosis and, in particular, coronary 
heart disease. Individuals with a high titer of antibodies to 
Chlamydia pneumonia have been shown to be at least twice 
as likely to Suffer from coronary heart disease as Seronega 
tive individuals. Chlamydial infections thus constitute a 
significant health problem both in the US and worldwide. 

Chlamydial infection is often asymptomatic. For 
example, by the time a woman SeekS medical attention for 
PID, irreversible damage may have already occurred result 
ing in infertility. There thus remains a need in the art for 
improved vaccines and pharmaceutical compositions for the 
prevention and treatment of Chlamydia infections. The 
present invention fulfills this need and further provides other 
related advantages. 

SUMMARY OF THE INVENTION 

The present invention provides compositions and meth 
ods for the diagnosis and treatment of Chlamydia infection. 
In one aspect, polypeptides are provided comprising an 
immunogenic portion of a Chlamydia antigen, or a variant of 
Such an antigen. In one embodiment, the antigen comprises 
an amino acid Sequence encoded by a DNA sequence 
Selected from the group consisting of (a) a sequence of SEQ 
ID NO: 1, 15, 21–25, 44-64, 66–76 or 79–88; (b) the 
complements of said sequences, and (c) sequences that 
hybridize to a sequence of (a) or (b) under moderately 
Stringent conditions. In a specific embodiment, a polypep 
tide comprising an amino acid sequence of SEQ ID NO: 5 
is provided. 

In a related aspect, polynucleotide Sequences encoding 
the above polypeptides, recombinant expression vectors 
comprising one or more of these polynucleotide Sequences 
and host cells transformed or transfected with Such expres 
Sion vectors are also provided. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
In another aspect, the present invention provides fusion 

proteins comprising an inventive polypeptide, or, 
alternatively, an inventive polypeptide and a known 
Chlamydia antigen. In yet another aspect, the present inven 
tion provides antibodies, both polyclonal and monoclonal, 
that bind to the polypeptides described above. 

Within other aspects, the present invention provides phar 
maceutical compositions that comprise one or more 
Chlamydia polypeptides disclosed herein, or a polynucle 
otide molecule encoding Such a polypeptide, and a physi 
ologically acceptable carrier. The invention also provides 
vaccines comprising one or more of the disclosed polypep 
tides and a non-specific immune response enhancer, together 
with vaccines comprising one or more polynucleotide 
Sequences encoding Such polypeptides and a non-specific 
immune response enhancer. 

In yet another aspect, methods are provided for inducing 
protective immunity in a patient, comprising administering 
to a patient an effective amount of one or more of the above 
pharmaceutical compositions or vaccines. 

In yet a further aspect, methods for the treatment of 
Chlamydia infection in a patient are provided, the methods 
comprising obtaining peripheral blood mononuclear cells 
(PBMC) from the patient, incubating the PBMC. with a 
polypeptide of the present invention (or a polynucleotide 
that encodes Such a polypeptide) to provide incubated T cells 
and administering the incubated T cells to the patient. The 
present invention additionally provides methods for the 
treatment of Chlamydia infection that comprise incubating 
antigen presenting cells with a polypeptide of the present 
invention (or a polynucleotide that encodes Such a 
polypeptide) to provide incubated antigen presenting cells 
and administering the incubated antigen presenting cells to 
the patient. In certain embodiments, the antigen presenting 
cells are Selected from the group consisting of dendritic 
cells, macrophages, monocytes, B-cells, and fibroblasts. 
Compositions for the treatment of Chlamydia infection 
comprising T cells or antigen presenting cells that have been 
incubated with a polypeptide or polynucleotide of the 
present invention are also provided. 

In further aspects of the Subject invention, methods and 
diagnostic kits are provided for detecting Chlamydia infec 
tion in a patient. In one embodiment, the method comprises: 
(a) contacting a biological Sample with at least one of the 
polypeptides or fusion proteins disclosed herein; and (b) 
detecting in the Sample the presence of antibodies that bind 
to the polypeptide or fusion protein, thereby detecting 
Chlamydia infection in the biological sample. Suitable bio 
logical Samples include whole blood, Sputum, Serum, 
plasma, Saliva, cerebroSpinal fluid and urine. In one 
embodiment, the diagnostic kits comprise one or more of the 
polypeptides or fusion proteins disclosed herein in combi 
nation with a detection reagent. In yet another embodiment, 
the diagnostic kits comprise either a monoclonal antibody or 
a polyclonal antibody that binds with a polypeptide of the 
present invention. 
The present invention also provides methods for detecting 

Chlamydia infection comprising: (a) obtaining a biological 
Sample from a patient; (b) contacting the sample with at least 
two oligonucleotide primers in a polymerase chain reaction, 
at least one of the oligonucleotide primers being Specific for 
a polynucleotide sequence disclosed herein; and (c) detect 
ing in the Sample a polynucleotide Sequence that amplifies in 
the presence of the oligonucleotide primers. In one 
embodiment, the oligonucleotide primer comprises at least 
about 10 contiguous nucleotides of a polynucleotide 
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Sequence peptide disclosed herein, or of a Sequence that 
hybridizes thereto. 

In a further aspect, the present invention provides a 
method for detecting Chlamydia infection in a patient com 
prising: (a) obtaining a biological Sample from the patient; 
(b) contacting the sample with an oligonucleotide probe 
Specific for a polynucleotide Sequence disclosed herein; and 
(c) detecting in the sample a polynucleotide Sequence that 
hybridizes to the oligonucleotide probe. In one embodiment, 
the oligonucleotide probe comprises at least about 15 con 
tiguous nucleotides of a polynucleotide Sequence disclosed 
herein, or a Sequence that hybridizes thereto. 

These and other aspects of the present invention will 
become apparent upon reference to the following detailed 
description. All references disclosed herein are hereby incor 
porated by reference in their entirety as if each was incor 
porated individually. 
Sequence Identifiers 
SEQ ID NO: 1 is the determined DNA sequence for the 

C. trachomatis clone 1-B1-66. 

SEQ ID NO: 2 is the determined DNA sequence for the 
C. trachomatis clone 4-D7-28. 

SEQ ID NO: 3 is the determined DNA sequence for the 
C. trachomatis clone 3-G3-10. 

SEQ ID NO. 4 is the determined DNA sequence for the 
C. trachomatis clone 10-C10-31. 

SEQ ID NO: 5 is the predicted amino acid sequence for 
1-B1-66. 

SEQ ID NO: 6 is the predicted amino acid sequence for 
4-D7-28. 

SEQ ID NO: 7 is a first predicted amino acid sequence for 
3-G3-10. 

SEQID NO: 8 is a second predicted amino acid sequence 
for 3-G3-10. 

SEQ ID NO: 9 is a third predicted amino acid sequence 
for 3-G3-10. 

SEQID NO: 10 is a fourth predicted amino acid sequence 
for 3-G3-10. 

SEQ ID NO: 11 is a fifth predicted amino acid sequence 
for 3-G3-10. 

SEQ ID NO: 12 is the predicted amino acid sequence for 
10-C1O-31 

SEQ ID NO: 13 is the amino acid sequence of the 
synthetic peptide 1-B1-66/48-67. 

SEQ ID NO: 14 is the amino acid sequence of the 
synthetic peptide 1-B1-66/58-77. 

SEQ ID NO: 15 is the determined DNA sequence for the 
C. trachomatis Serovar LGV II clone 2C7-8 

SEQ ID NO: 16 is the determined DNA sequence for a 
first putative open reading frame from C. trachomatis 
Serovar D 

SEQ ID NO: 17 is the predicted amino acid sequence 
encoded by the first putative open reading frame from 
C. trachomatis Serovar D 

SEQ ID NO: 18 is the amino acid sequence of the 
synthetic peptide CtC7.8-12 

SEQ ID NO: 19 is the amino acid sequence of the 
synthetic peptide CtC7.8-13 

SEQ ID NO: 20 is the predicted amino acid sequence 
encoded by a Second putative open reading from C. 
trachomatis Serovar D 

SEQ ID NO: 21 is the determined DNA sequence for 
clone 4C9-18 from C. trachomatis LGV II 
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4 
SEQ ID NO: 22 is the determined DNA sequence 

homologous to Lipoamide Dehydrogenase from C. 
trachomatis LGV II 

SEQ ID NO: 23 is the determined DNA sequence 
homologous to Hypothetical protein from C. trachoma 
fiS LGV II 

SEQ ID NO: 24 is the determined DNA sequence 
homologous to Ubiquinone Mehtyltransferase from C. 
trachomatis LGV II 

SEQ ID NO: 25 is the determined DNA sequence for 
clone 4C9-18#2 BL21 p ySS from C. trachomatis 
LGV II 

SEQ ID NO: 26 is the predicted amino acid sequence for 
4C9-18if2 from C. trachomatis LGV II 

SEQ ID NO: 27 is the determined DNA sequence for 
Cp-SWIB from C. pneumonia strain TWAR 

SEQ ID NO: 28 is the predicted amino acid sequence for 
Cp-SWIB from C. pneumonia strain TWAR 

SEQ ID NO: 29 is the determined DNA sequence for 
Cp-S13 from C. pneumonia strain TWAR 

SEQ ID NO:30 is the predicted amino acid sequence for 
Cp-S13 from C. pneumonia strain TWAR 

SEQ ID NO: 31 is the amino acid sequence for a 10 mer 
consensus peptide from CtC7.8-12 and CtC7.8-13 

SEQ ID NO: 32 is the predicted amino acid sequence for 
clone 2C7-8 from C. trachomatis LGV II 

SEQ ID NO: 33 is the determined DNA sequence of a 
clone from C. trachomatis Serovar D which shows 
homology to clone 2C7-8 

SEQ ID NO. 34 is the predicted amino acid sequence 
encoded by the sequence of SEQ ID NO: 33 

SEQ ID NO:35 is the DNA sequence for C.p. SWIB Nde 
(5' primer) from C. pneumonia 

SEQ ID NO: 36 is the DNA sequence for Cp. SWIB 
EcoRI (3' primer) from C. pneumonia 

SEQ ID NO:37 is the DNA sequence for C. p. S13 Nde 
(5' primer) from C. pneumonia 

SEQ ID NO:38 is the DNA sequence for C.p. S13 EcoRI 
(3' primer) from C. pneumonia 

SEQ ID NO:39 is the amino acid sequence for CtSwib 
52-67 peptide from C. trachomatis LGV II 

SEQ ID NO: 40 is the amino acid sequence for CpSwib 
53-68 peptide from C. pneumonia 

SEQ ID NO: 41 is the amino acid sequence for HuSwib 
288-302 peptide from Human SWI domain 

SEQ ID NO: 42 is the amino acid sequence for CtSWI-T 
822-837 peptide from the topoisomerase-SWIB fusion 
of C. trachomatis 

SEQ ID NO: 43 is the amino acid sequence for CpSWI-T 
828-842 peptide from the topoisomerase-SWIB fusion 
of C. pneumonia 

SEQ ID NO: 44 is a first determined DNA sequence for 
the C. trachomatis LGV II clone 19783.3.jen.seq 
(1>509)CTL2#11-3', representing the 3' end. 

SEQ ID NO: 45 is a second determined DNA sequence for 
the C. trachomatis LGV II clone 19783.4.jen.seq 
(1>481)CTL2#11-5, representing the 5' end. 

SEQ ID NO: 46 is the determined DNA sequence for the 
C. trach. On at is LGV II clone 19784 CTL2 
12consensus.seq(1>427)CTL2#12. 

SEQ ID NO: 47 is the determined DNA sequence for the 
C. trachomatis LGV II clone 19785.4.jen.seq(1>600) 
CTL2#16-5, representing the 5' end. 
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SEQ ID NO: 48 is a first determined DNA sequence for 
the C. trachomatis LGV II clone 19786.3.jen.seq 
(1>600)CTL2#18-3', representing the 3' end. 

SEQID NO: 49 is a second determined DNA sequence for 
the C. trachomatis LGV II clone 19786.4.jen.seq 
(1>600)CTL2#18-5", representing the 5' end. 

SEQ ID NO: 50 is the determined DNA sequence for the 
C. trachonat is LGV II clone 19788 CTL2 
21consensus.seq(1>406)CTL2#21. 

SEQ ID NO: 51 is the determined DNA sequence for the 
C. trachonat is LGV II clone 1979 OCTL2 
23consensus.seq(1>602)CTL2#23. 

SEQ ID NO: 52 is the determined DNA sequence for the 
C. trachonat is LGV II clone 19791. CTL2 
24consensus.seq(1>145)CTL2#24. 

SEQ ID NO: 53 is the determined DNA sequence for the 
C. trachOmatis LGV II clone CTL2it4. 

SEQ ID NO: 54 is the determined DNA sequence for the 
C. trachOmatis LGV II clone CTL2it.8b. 

SEQ ID NO: 55 is the determined DNA sequence for the 
C. trachomatis LGV II clone 15-G1-89, sharing homol 
ogy to the lipoamide dehydrogenase gene CT557. 

SEQ ID NO: 56 is the determined DNA sequence for the 
C. trachomatis LGV II clone 14-H 1-4, sharing homol 
ogy to the thiol specific antioxidant gene CT603. 

SEQ ID NO: 57 is the determined DNA sequence for the 
C. trachomatis LGV II clone 12-G3-83, sharing homol 
ogy to the hypothetical protein CT622. 

SEQ ID NO: 58 is the determined DNA sequence for the 
C. trachomatis LGV II clone 12-B3-95, sharing homol 
ogy to the lipoamide dehydrogenase gene CT557. 

SEQ ID NO: 59 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-H4-28, sharing homol 
ogy to the dnaK gene CT396. 

SEQ ID NO: 60 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-H3-68, sharing partial 
homology to the PGP6-D virulence protein and L1 
ribosomal gene CT318. 

SEQ ID NO: 61 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-G1-34, sharing partial 
homology to the malate dehydrogenase gene CT376 
and to the glycogen hydrolase gene CTO42. 

SEQ ID NO: 62 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-G 10-46, sharing 
homology to the hypothetical protein CT610. 

SEQ ID NO: 63 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-C12-91, sharing 
homology to the OMP2 gene CT443. 

SEQ ID NO: 64 is the determined DNA sequence for the 
C. trachomatis LGV II clone 11-A3-93, sharing homol 
ogy to the HAD Superfamily gene CT103. 

SEQ ID NO: 65 is the determined amino acid sequence 
for the C. trachomatis LGV II clone 14-H 1-4, sharing 
homology to the thiol specific antioxidant gene CT603. 

SEQ ID NO: 66 is the determined DNA sequence for the 
C. trachOmatis LGV II clone Ct. 2F9. 

SEQ ID NO: 67 is the determined DNA sequence for the 
C. trachOmatis LGV II clone Ct. 2if7. 

SEQ ID NO: 68 is the determined DNA sequence for the 
C. trachOmatis LGV II clone Ct. 2if6. 

SEQ ID NO: 69 is the determined DNA sequence for the 
C. trachOmatis LGV II clone Ct. 2if5. 

SEQ ID NO: 70 is the determined DNA sequence for the 
C. trachOmatis LGV II clone Ct. 2if2. 
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SEQ ID NO: 71 is the determined DNA sequence for the 

C. trachOmatis LGV II clone Ct. 2if1. 

SEQ ID NO: 72 is a first determined DNA sequence for 
the C. trachomatis LGV II clone 23509.2CtL2H3-5", 
representing the 5' end. 

SEQ ID NO: 73 is a second determined DNA sequence for 
the C. trachomatis LGV II clone 23509.1CtL2H3-3', 
representing the 3' end. 

SEQ ID NO: 74 is a first determined DNA sequence for 
the C. trachomatis LGV II clone 22121.2CtL2#10-5", 
representing the 5' end. 

SEQ ID NO: 75 is a second determined DNA sequence for 
the C. trachomatis LGV II clone 22121.1CtL2#10-3', 
representing the 3' end. 

SEQ ID NO: 76 is the determined DNA sequence for the 
C. trachomatis LGV II clone 19787.6CtL2#19-5', rep 
resenting the 5' end. 

SEQ ID NO: 77 is the determined DNA sequence for the 
C. pneumoniae LGV II clone CpS13-His. 

SEQ ID NO: 78 is the determined DNA sequence for the 
C. pneumoniae LGV II clone Cp SWIB-His. 

SEQ ID NO: 79 is the determined DNA sequence for the 
C. trachomatis LGV II clone 23-G7-68, sharing partial 
homology to the L11, L10 and L1 ribosomal protein. 

SEQ ID NO: 80 is the determined DNA sequence for the 
C. trachomatis LGV II clone 22-F8-91, sharing homol 
ogy to the pmpC gene. 

SEQ ID NO: 81 is the determined DNA sequence for the 
C. trachomatis LGV II clone 21-E8-95, sharing homol 
ogy to the CT610-CT613 genes. 

SEQ ID NO: 82 is the determined DNA sequence for the 
C. trachomatis LGV II clone 19-F12-57, sharing 
homology to the CT858 and recA genes. 

SEQ ID NO: 83 is the determined DNA sequence for the 
C. trachomatis LGV II clone 19-F12-53, sharing 
homology to the CT445 gene encoding glutamyl tRNA 
Synthetase. 

SEQ ID NO: 84 is the determined DNA sequence for the 
C. trachomatis LGV II clone 19-A5-54, sharing homol 
ogy to the cryptic plasmid gene. 

SEQ ID NO: 85 is the determined DNA sequence for the 
C. trachomatis LGV II clone 17-E11-72, sharing partial 
homology to the OppC 2 and pmpD genes. 

SEQ ID NO: 86 is the determined DNA sequence for the 
C. trachomatis LGV II clone 17-C1-77, sharing partial 
homology to the CT857 and CT858 open reading 
frames. 

SEQ ID NO: 87 is the determined DNA sequence for the 
C. trachomatis LGV II clone 15-H2-76, sharing partial 
homology to the pmpD and SycE genes, and to the 
CTO89 ORF. 

SEQ ID NO: 88 is the determined DNA sequence for the 
C. trachomatis LGV II clone 15-A3-26, sharing homol 
ogy to the CT858 ORF. 

SEQ ID NO: 89 is the determined amino acid sequence 
for the C. pneumoniae clone Cp SWIB-His. 

SEQ ID NO: 90 is the determined amino acid sequence 
for the C. trachomatis LGV II clone Ct. 2 LPDA FL. 

SEQ ID NO: 91 is the determined amino acid sequence 
for the C. pnuemoniae clone CpS13-His. 

SEQ ID NO: 92 is the determined amino acid sequence 
for the C. trachomatis LGV II clone Ct. 2 TSA FL. 

SEQ ID NO: 93 is the amino acid sequence for Ct-Swib 
43-61 peptide from C. trachomatis LGV II. 
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SEQ ID NO: 94 is the amino acid sequence for Ct-Swib 
48-67 peptide from C. trachomatis LGV II. 

SEQ ID NO: 95 is the amino acid sequence for Ct-Swib 
52–71 peptide from C. trachomatis LGV II. 

SEQ ID NO: 96 is the amino acid sequence for Ct-Swib 
58-77 peptide from C. trachomatis LGV II. 

SEQ ID NO: 97 is the amino acid sequence for Ct-Swib 
63-82 peptide from C. trachomatis LGV II. 

SEQ ID NO: 98 is the amino acid sequence for Ct-Swib 
51-66 peptide from C. trachomatis LGV II. 

SEQ ID NO: 99 is the amino acid sequence for Cp-Swib 
52-67 peptide from C. pneumonia. 

SEQID NO: 100 is the amino acid sequence for Cp-Swib 
37-51 peptide from C. pneumonia. 

SEQID NO: 101 is the amino acid sequence for Cp-Swib 
32-51 peptide from C. pneumonia. 

SEQID NO: 102 is the amino acid sequence for Cp-Swib 
37-56 peptide from C. pneumonia. 

SEQ ID NO: 103 is the amino acid sequence for Ct-Swib 
36-50 peptide from C. trachomatis. 

SEQ ID NO: 104 is the amino acid sequence for Ct-S13 
46-65 peptide from C. trachomatis. 

SEQ ID NO: 105 is the amino acid sequence for Ct-S13 
60-80 peptide from C. trachomatis. 

SEQ ID NO: 106 is the amino acid sequence for Ct-S13 
1-20 peptide from C. trachomatis. 

SEQ ID NO: 107 is the amino acid sequence for Ct-S13 
46-65 peptide from C. trachomatis. 

SEQ ID NO: 108 is the amino acid sequence for Ct-S13 
56: 75 peptide from C. trachomatis. 

SEQ ID NO: 109 is the amino acid sequence for Cp-S13 
56-75 peptide from C. pneumoniae. 

DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates induction of INF-Y from a Chlamydia 
Specific T cell line activated by target cells expressing clone 
4C9-182. 

FIG. 2 illustrates retroviral vectors pBIB-KS1,2,3 modi 
fied to contain a Kosak translation initiation site and Stop 
codons. 

FIG. 3 shows specific lysis in a chromium release assay 
of P815 cells pulsed with Chlamydia peptides CtC7.8-12 
(SEQ ID NO: 18) and CtC78–13 (SEQ ID NO:19). 

FIG. 4 shows antibody isotype titers in C57B/16 mice 
immunized with C. trachomatis SWIB protein. 

FIG. 5 shows Chlamydia-specific T-cell proliferative 
responses in Splenocytes from C3H mice immunized with C. 
trachomatis SWIB protein. 

FIG. 6 illustrates the 5' and 3' primer sequences designed 
from C. pneumoniae which were used to isolate the SWIB 
and S13 genes from C. pneumoniae. 

FIGS. 7A and 7B show induction of IFN-Y from a human 
anti-chlamydia T-cell line (TCL-8) capable of cross-reacting 
to C. trachomatis and C. pneumonia upon activation by 
monocyte-derived dendritic cells expressing chlamydial 
proteins. 

FIG. 8 shows the identification of T cell epitopes in 
Chlamydial ribosomal S13 protein with T-cell line TCL 8 
EB/DC. 

FIG. 9 illustrates the proliferative response of CP-21 
T-cells generated against C. pnuemoniae-infected dendritic 
cells to recombinant C. pneumonia-SWIBprotein, but not C. 
trachomatis SWIB protein. 
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FIG. 10 shows the C. trachomatis-specific SWIB prolif 

erative responses of a primary T-cell line (TCT-10 EB) from 
an asymptomatic donor. 

FIG. 11 illustrates the identification of T-cell epitope in C. 
trachomatis SWIB with an antigen specific T-cell line (TCL 
10 EB). 

DETAILED DESCRIPTION OF THE 
INVENTION 

AS noted above, the present invention is generally 
directed to compositions and methods for the diagnosis and 
treatment of Chlamydial infection. In one aspect, the com 
positions of the Subject invention include polypeptides that 
comprise at least one immunogenic portion of a Chlamydia 
antigen, or a variant thereof. 

In Specific embodiments, the Subject invention discloses 
polypeptides comprising an immunogenic portion of a 
Chlamydia antigen, wherein the Chlamydia antigen com 
prises an amino acid Sequence encoded by a polynucleotide 
molecule including a Sequence Selected from the group 
consisting of (a) nucleotide sequences recited in SEQ ID 
NO: 1-4, 15, 21–25, 44-64, 66–76 and 79-88 (b) the 
complements of Said nucleotide sequences, and (c) variants 
of Such Sequences. 
AS used herein, the term “polypeptide' encompasses 

amino acid chains of any length, including full length 
proteins (i.e., antigens), wherein the amino acid residues are 
linked by covalent peptide bonds. Thus, a polypeptide 
comprising an immunogenic portion of one of the inventive 
antigens may consist entirely of the immunogenic portion, 
or may contain additional Sequences. The additional 
Sequences may be derived from the native Chlamydia anti 
gen or may be heterologous, and Such sequences may (but 
need not) be immunogenic. 
The term “polynucleotide(s), as used herein, means a 

Single or double-Stranded polymer of deoxyribonucleotide 
or ribonucleotide bases and includes DNA and correspond 
ing RNA molecules, including HnRNA and mRNA 
molecules, both Sense and anti-Sense Strands, and compre 
hends clNA, genomic DNA and recombinant DNA, as well 
as wholly or partially Synthesized polynucleotides. An 
HnRNA molecule contains introns and corresponds to a 
DNA molecule in a generally one-to-one manner. An mRNA 
molecule corresponds to an HnRNA and DNA molecule 
from which the introns have been excised. A polynucleotide 
may consist of an entire gene, or any portion thereof. 
Operable anti-Sense polynucleotides may comprise a frag 
ment of the corresponding polynucleotide, and the definition 
of “polynucleotide' therefore includes all such operable 
anti-Sense fragments. 
An “immunogenic portion' of an antigen is a portion that 

is capable of reacting with Sera obtained from a Chlamydia 
infected individual (i.e., generates an absorbance reading 
with Sera from infected individuals that is at least three 
standard deviations above the absorbance obtained with Sera 
from uninfected individuals, in a representative ELISA 
assay described herein). Such immunogenic portions gen 
erally comprise at least about 5 amino acid residues, more 
preferably at least about 10, and most preferably at least 
about 20 amino acid residues. Methods for preparing and 
identifying immunogenic portions of antigens of known 
Sequence are well known in the art and include those 
summarized in Paul, Fundamental Immunology, 3' ed., 
Raven Press, 1993, pp. 243-247. Examples of immunogenic 
portions of antigens contemplated by the present invention 
include, for example, the T cell Stimulating epitopes pro 
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vided in SEQ ID NO: 9, 10, 18, 19, 31 and 39. Polypeptides 
comprising at least an immunogenic portion of one or more 
Chlamydia antigens as described herein may generally be 
used, alone or in combination, to detect Chlamydial infec 
tion in a patient. 

The compositions and methods of the present invention 
also encompass variants of the above polypeptides and 
polynucleotide molecules. Such variants include, but are not 
limited to, naturally occurring allelic variants of the inven 
tive Sequences. In particular, variants include other Chlamy 
diae Serovars, Such as Serovars D, E and F, as well as the 
several LGV serovars which share homology to the inven 
tive polypeptide and polynucleotide molecules described 
herein. Preferably, the serovar homologues show 95-99% 
homology to the corresponding polypeptide sequence(s) 
described herein. 
A polypeptide “variant, as used herein, is a polypeptide 

that differs from the recited polypeptide only in conservative 
Substitutions and/or modifications, Such that the antigenic 
properties of the polypeptide are retained. In a preferred 
embodiment, variant polypeptides differ from an identified 
Sequence by Substitution, deletion or addition of five amino 
acids or fewer. Such variants may generally be identified by 
modifying one of the above polypeptide Sequences, and 
evaluating the antigenic properties of the modified polypep 
tide using, for example, the representative procedures 
described herein. Polypeptide variants preferably exhibit at 
least about 70%, more preferably at least about 90% and 
most preferably at least about 95% identity (determined as 
described below) to the identified polypeptides. 
AS used herein, a “conservative Substitution' is one in 

which an amino acid is Substituted for another amino acid 
that has similar properties, Such that one skilled in the art of 
peptide chemistry would expect the Secondary Structure and 
hydropathic nature of the polypeptide to be Substantially 
unchanged. In general, the following groups of amino acids 
represent conservative changes: (I) ala, pro, gly, glu, asp, 
gin, asn, Ser, thr; (2) cys, Ser, tyr, thr; (3) Val, ile, leu, met, 
ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. 

Variants may also, or alternatively, contain other 
modifications, including the deletion or addition of amino 
acids that have minimal influence on the antigenic 
properties, Secondary Structure and hydropathic nature of the 
polypeptide. For example, a polypeptide may be conjugated 
to a signal (or leader) sequence at the N-terminal end of the 
protein which co-translationally or post-translationally 
directs transfer of the protein. The polypeptide may also be 
conjugated to a linker or other Sequence for ease of 
Synthesis, purification or identification of the polypeptide 
(e.g., poly-His), or to enhance binding of the polypeptide to 
a Solid Support. For example, a polypeptide may be conju 
gated to an immunoglobulin Fc region. 
A nucleotide “variant” is a sequence that differs from the 

recited nucteotide Sequence in having one or more nucle 
otide deletions, Substitutions or additions. Such modifica 
tions may be readily introduced using Standard mutagenesis 
techniques, Such as oligonucleotide-directed Site-specific 
mutagenesis as taught, for example, by Adelman et al. 
(DNA, 2:183, 1983). Nucleotide variants may be naturally 
occurring allelic variants as discussed below, or non 
naturally occurring variants. Variant nucleotide Sequences 
preferably exhibit at least about 70%, more preferably at 
least about 80% and most preferably at least about 90% 
identity (determined as described below) to the recited 
Sequence. 
The polypeptides provided by the present invention 

include variants that are encoded by polynucleotide 
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Sequences which are Substantially homologous to one or 
more of the polynucleotide Sequences specifically recited 
herein. "Substantial homology,” as used herein, refers to 
polynucleotide Sequences that are capable of hybridizing 
under moderately Stringent conditions. Suitable moderately 
Stringent conditions include prewashing in a Solution of 
5xSSC, 0.5%/ SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 
50° C.-65 C. 5xSSC, overnight or, in the event of cross 
species homology, at 45 C. with 0.5xSSC; followed by 
washing twice at 65° C. for 20 minutes with each of 2x, 0.5x 
and 0.2xSSC containing 0.1% SDS. Such hybridizing poly 
nucleotide Sequences are also within the Scope of this 
invention, as are nucleotide Sequences that, due to code 
degeneracy, encode a polypeptide that is the Same as a 
polypeptide of the present invention. 
Two nucleotide or polypeptide Sequences are Said to be 

“identical” if the Sequence of nucleotides or amino acid 
residues in the two Sequences is the same when aligned for 
maximum correspondence as described below. Comparisons 
between two Sequences are typically performed by compar 
ing the Sequences over a comparison window to identify and 
compare local regions of Sequence Similarity. A "comparison 
window' as used herein, refers to a Segment of at least about 
20 contiguous positions, usually 30 to about 75, 40 to about 
50, in which a Sequence may be compared to a reference 
Sequence of the same number of contiguous positions after 
the two Sequences are optimally aligned. 

Optimal alignment of Sequences for comparison may be 
conducted using the Megalign program in the Lasergene 
suite of bioinformatics Software (DNASTAR, Inc., Madison, 
Wis.), using default parameters. This program embodies 
Several alignment. Schemes described in the following ref 
erences: Dayhoff, M. O. (1978) A model of evolutionary 
change in proteins-Matrices for detecting distant relation 
ships. In Dayhoff, M. O. (ed.) Atlas of Protein Sequence and 
Structure, National Biomedical Resarch Foundaiton, Wash 
ington D.C. Vol. 5, Suppl. 3, pp. 345–358; Hein J. (1990) 
Unified Approach to Alignment and Phylogenes pp. 
626-645 Methods in Enzymology vol. 183, Academic Press, 
Inc., San Diego, Calif.; Higgins, D. G. and Sharp, P. M. 
(1989) Fast and Sensitive multiple sequence alignments on a 
microcomputer CABIOS 5:151–153; Myers, E. W. and 
Muller W. (1988) Optimal alignments in linear space 
CABIOS 4:11-17; Robinson, E. D. (1971) Comb. Theor 
11:105; Santou, N. Nes, M. (1987) The neighbor joining 
method. A new method for reconstructing phylogenetic trees 
Mol. Biol. Evol. 4:406-425; Sneath, P. H. A. and Sokal, R. 
R. (1973) Numerical Taxonomy the Principles and Prac 
tice of Numerical Taxonomy, Freeman Press, San Francisco, 
Calif.; Wilbur, W. J. and Lipman, D. J. (1983) Rapid 
Similarity Searches of nucleic acid and protein data banks 
Proc. Natl. Acad., Sci. USA 80:726–730. 

Preferably, the "percentage of Sequence identity” is deter 
mined by comparing two optimally aligned Sequences over 
a window of comparison of at least 20 positions, wherein the 
portion of the polynucleotide Sequence in the comparison 
window may comprise additions or deletions (i.e. gaps) of 
20 percent or less, usually 5 to 15 percent, or 10 to 12 
percent, as compared to the reference Sequences (which does 
not comprise additions or deletions) for optimal alignment 
of the two Sequences. The percentage is calculated by 
determining the number of positions at which the identical 
nucleic acid bases or amino acid residue occurs in both 
Sequences to yield the number of matched positions, divid 
ing the number of matched positions by the total number of 
positions in the reference sequence (i.e. the window Size) 
and multiplying the results by 100 to yield the percentage of 
Sequence identity. 
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Also included in the Scope of the present invention are 
alleles of the genes encoding the nucleotide Sequences 
recited in herein. As used herein, an “allele' or “allellic 
Sequence' is an alternative form of the gene which may 
result from at least one mutation in the nucleic acid 
Sequence. Alleles may result in altered mRNAS or polypep 
tides whose Structure or function may or may not be altered. 
Any given gene may have none, one, or many allelic forms. 
Common mutational changes which give rise to alleles are 
generally ascribed to natural deletions, additions, or Substi 
tutions of nucleotides. Each of these types of changes may 
occur alone or in combination with the others, one or more 
times in a given Sequence. In Specific embodiments, the 
Subject invention discloses polypeptides comprising at least 
an immunogenic portion of a Chlamydia antigen (or a 
variant of Such an antigen), that comprises one or more of 
the amino acid sequences encoded by (a) a polynucleotide 
sequence selected from the group consisting of SEQID NO: 
1-4, 15 21–25, 44-64, 66–76 and 79-88; (b) the comple 
ments of Such DNA sequences or (c) DNA sequences 
Substantially homologous to a sequence in (a) or (b). AS 
discussed in the Examples below, several of the Chlamydia 
antigens disclosed herein recognize a T cell line that recog 
nizes both Chlamydia trachomatis and Chlamydia pneumo 
niae infected monocyte-derived dendritic cells, indicating 
that they may represent an immunoreactive epitope shared 
by Chlamydia trachomatis and Chlamydia pneumoniae. The 
antigens may thus be employed in a vaccine for both C. 
trachomatis genital tract infections and for C. pneumonia 
infections. Further characterization of these Chlamydia anti 
gens from Chlamydia trachomatis and Chlamydia pneumo 
nia to determine the extent of croSS-reactivity is provided in 
Example 6. Additionally, Example 4 describes cDNA frag 
ments (SEQ ID NO: 15, 16 and 33) isolated from C. 
trachomatis which encode proteins (SEQ ID NO: 17-19 and 
32) capable of Stimulating a Chlamydia-specific murine 
CD8+ T cell line. 

In general, Chlamydia antigens, and polynucleotide 
Sequences encoding Such antigens, may be prepared using 
any of a variety of procedures. For example, polynucleotide 
molecules encoding Chlamydia antigens may be isolated 
from a Chlamydia genomic or cDNA expression library by 
Screening with a Chlamydia-specific T cell line as described 
below, and Sequenced using techniques well known to those 
of skill in the art. Antigens may be produced recombinantly, 
as described below, by inserting a polynucleotide Sequence 
that encodes the antigen into an expression vector and 
expressing the antigen in an appropriate host. Antigens may 
be evaluated for a desired property, Such as the ability to 
react with Sera obtained from a Chlamydia-infected indi 
vidual as described herein, and may be sequenced using, for 
example, traditional Edman chemistry. See Edman and Berg, 
Eur: J. Biochem. 80:116-132, 1967. 

Polynucleotide Sequences encoding antigens may also be 
obtained by Screening an appropriate Chlamydia cDNA or 
genomic DNA library for polynucleotide Sequences that 
hybridize to degenerate oligonucleotides derived from par 
tial amino acid Sequences of isolated antigens. Degenerate 
oligonucleotide Sequences for use in Such a Screen may be 
designed and Synthesized, and the Screen may be performed, 
as described (for example) in Sambrook et al., Molecular 
Cloning. A Laboratory Manual, Cold Spring Harbor 
Laboratories, Cold Spring Harbor, N.Y. (and references cited 
therein). Polymerase chain reaction (PCR) may also be 
employed, using the above oligonucleotides in methods welt 
known in the art, to isolate a nucleic acid probe from a 
cDNA or genomic library. The library screen may then be 
performed using the isolated probe. 
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An amplified portion may be used to isolate a full length 

gene from a Suitable library (e.g., a Chlamydia cDNA 
library) using well known techniques. Within such 
techniques, a library (cDNA or genomic) is Screened using 
one or more polynucleotide probes or primerS Suitable for 
amplification. Preferably, a library is size-Selected to include 
larger molecules. Random primed libraries may also be 
preferred for identifying 5' and upstream regions of genes. 
Genomic libraries are preferred for obtaining introns and 
extending 5' Sequences. 

For hybridization techniques, a partial Sequence may be 
labeled (e.g., by nick-translation or end-labeling with P) 
using well known techniques. A bacterial or bacteriophage 
library is then Screened by hybridizing filters containing 
denatured bacterial colonies (or lawns containing phage 
plaques) with the labeled probe (see Sambrook et al., 
Molecular Cloning. A Laboratory Manual, Cold Spring 
Harbor Laboratories, Cold Spring Harbor, N.Y., 1989). 
Hybridizing colonies or plaques are Selected and expanded, 
and the DNA is isolated for further analysis. cDNA clones 
may be analyzed to determine the amount of additional 
Sequence by, for example, PCR using a primer from the 
partial Sequence and a primer from the vector. Restriction 
maps and partial Sequences may be generated to identify one 
or more overlapping clones. The complete Sequence may 
then be determined using Standard techniques which may 
involve generating a Series of deletion clones. The resulting 
overlapping Sequences are then assembled into a single 
contiguous Sequence. A full length cDNA molecule can be 
generated by ligating Suitable fragments, using well known 
techniques. 

Alternatively, there are numerous amplification tech 
niques for obtaining a full length coding sequence from a 
partial cDNA sequence. Within Such techniques, amplifica 
tion is generally performed via PCR. Any of a variety of 
commercially available kits may be used to perform the 
amplification Step. PrimerS may be designed using tech 
niques well known in the art (see, for example, Mullis et al., 
Cold Spring Harbor Symp. Quant. Biol. 51:263, 1987, 
Erlich ed., PCR Technology, Stockton Press, NY, 1989), and 
Software well known in the art may also be employed. 
Primers are preferably 22-30 nucleotides in length, have a 
GC content of at least 50% and anneal to the target Sequence 
at temperatures of about 68 C. to 72 C. The amplified 
region may be sequenced as described above, and overlap 
ping Sequences assembled into a contiguous Sequence. 
One such amplification technique is inverse PCR (see 

Triglia et al., Nucl. Acids Res. 16:8186, 1988), which uses 
restriction enzymes to generate a fragment in the known 
region of the gene. The fragment is then circularized by 
intramolecular ligation and used as a template for PCR with 
divergent primers derived from the known region. Within an 
alternative approach, Sequences adjacent to a partial 
Sequence may be retrieved by amplification with a primer to 
a linker Sequence and a primer Specific to a known region. 
The amplified Sequences are typically Subjected to a Second 
round of amplification with the same linker primer and a 
Second primer Specific to the known region. A variation on 
this procedure, which employs two primers that initiate 
extension in opposite directions from the known Sequence, 
is described in WO 96/38591. Additional techniques include 
capture PCR (Lagerstrom et al., PCR Methods Applic. 
1:111-19, 1991) and walking PCR (Parker et al., Nucl. 
Acids. Res. 19:3055–60, 1991). Transcription-Mediated 
Amplification, or TMA is another method that may be 
utilized for the amplification of DNA, rRNA, or mRNA, as 
described in Patent No. PCT/US91/03184. This autocata 
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lytic and isothermic non-PCR based method utilizes two 
primerS and two enzymes: RNA polymerase and reverse 
transcriptase. One primer contains a promoter Sequence for 
RNA polymerase. In the first amplification, the promoter 
primer hybridizes to the target rRNA at a defined site. 
Reverse transcriptase creates a DNA copy of the target 
rRNA by extension from the 3'end of the promoter-primer. 
The RNA in the resulting complex is degraded and a Second 
primer binds to the DNA copy. A new strand of DNA is 
synthesized from the end of the primer by reverse tran 
scriptase creating double stranded DNA. RNA polymerase 
recognizes the promoter Sequence in the DNA template and 
initiates transcription. Each of the newly synthesized RNA 
amplicons re-enters the TMA process and Serves as a tem 
plate for a new round of replication leading to the expoten 
tial expansion of the RNA amplicon. Other methods 
employing amplification may also be employed to obtain a 
full length cDNA sequence. 

In certain instances, it is possible to obtain a full length 
cDNA sequence by analysis of Sequences provided in an 
expressed sequence tag (EST) database, Such as that avail 
able from GenBank. Searches for overlapping ESTs may 
generally be performed using well known programs (e.g., 
NCBI BLAST searches), and such ESTs may be used to 
generate a contiguous full length Sequence. 

Synthetic polypeptides having fewer than about 100 
amino acids, and generally fewer than about 50 amino acids, 
may be generated using techniques well known in the art. 
For example, Such polypeptides may be Synthesized using 
any of the commercially available Solid-phase techniques, 
such as the Merrifield solid-phase synthesis method, where 
amino acids are Sequentially added to a growing amino acid 
chain. See Merrifield, J. Am. Chem. SOc. 85:21.49–2146, 
1963. Equipment for automated Synthesis of polypeptides is 
commercially available from SupplierS Such as Perkin 
Elmer/Applied BioSystems Division, Foster City, Calif., and 
may be operated according to the manufacturer's instruc 
tions. 
AS noted above, immunogenic portions of Chlamydia 

antigens may be prepared and identified using well known 
techniques, Such as those Summarized in Paul, Fundamental 
Immunology, 3d ed., Raven Press, 1993, pp. 243-247 and 
references cited therein. Such techniques include Screening 
polypeptide portions of the native antigen for immunogenic 
properties. The representative ELISAS described herein may 
generally be employed in these Screens. An immunogenic 
portion of a polypeptide is a portion that, within Such 
representative assays, generates a signal in Such assays that 
is Substantially similar to that generated by the full length 
antigen. In other words, an immunogenic portion of a 
Chlamydia antigen generates at least about 20%, and pref 
erably about 100%, of the signal induced by the full length 
antigen in a model ELISA as described herein. 

Portions and other variants of Chlamydia antigens may be 
generated by Synthetic or recombinant means. Variants of a 
native antigen may generally be prepared using Standard 
mutagenesis techniques, Such as oligonucleotide-directed 
Site-specific mutagenesis. Sections of the polynucleotide 
Sequence may also be removed using Standard techniques to 
permit preparation of truncated polypeptides. 

Recombinant polypeptides containing portions and/or 
variants of a native antigen may be readily prepared from a 
polynucleotide Sequence encoding the polypeptide using a 
variety of techniques well known to those of ordinary skill 
in the art. For example, Supernatants from Suitable host/ 
vector Systems which Secrete recombinant protein into cul 
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ture media may be first concentrated using a commercially 
available filter. Following concentration, the concentrate 
may be applied to a Suitable purification matrix Such as an 
affinity matrix or an ion exchange resin. Finally, one or more 
reverse phase HPLC steps can be employed to further purify 
a recombinant protein. 
Any of a variety of expression vectors known to those of 

ordinary skill in the art may be employed to express recom 
binant polypeptides as described herein. Expression may be 
achieved in any appropriate host cell that has been trans 
formed or transfected with an expression vector containing 
a polynucleotide molecule that encodes a recombinant 
polypeptide. Suitable host cells include prokaryotes, yeast 
and higher eukaryotic cells. Preferably, the host cells 
employed are E. coli, yeast or a mammalian cell line, Such 
as COS or CHO. The DNA sequences expressed in this 
manner may encode naturally occurring antigens, portions 
of naturally occurring antigens, or other variants thereof. 

In general, regardless of the method of preparation, the 
polypeptides disclosed herein are prepared in an isolated, 
Substantially pure, form. Preferably, the polypeptides are at 
least about 80% pure more preferably at least about 90% 
pure and most preferably at least about 99% pure. 

In a further aspect, the present invention provides fusion 
proteins comprising either a first and a Second inventive 
polypeptide, or an inventive polypeptide and a known 
Chlamydia antigen, together with variants of Such fusion 
proteins. The fusion proteins of the present invention may 
include a linker peptide between the polypeptides. 
A DNA sequence encoding a fusion protein of the present 

invention may be constructed using known recombinant 
DNA techniques to assemble Separate DNA sequences 
encoding, for example, the first and Second polypeptides, 
into an appropriate expression vector. The 3' end of a DNA 
Sequence encoding the first polypeptide is ligated, with or 
without a peptide linker, to the 5' end of a DNA sequence 
encoding the Second polypeptide So that the reading frames 
of the Sequences are in phase to permit mRNA translation of 
the two DNA sequences into a single fusion protein that 
retains the biological activity of both the first and the second 
polypeptides. 
A peptide linker Sequence may be employed to Separate 

the first and the Second polypeptides by a distance Sufficient 
to ensure that each polypeptide folds into its Secondary and 
tertiary Structures. Such a peptide linker Sequence is incor 
porated into the fusion protein using Standard techniques 
well known in the art. Suitable peptide linker Sequences may 
be chosen based on the following factors: (1) their ability to 
adopt a flexible extended conformation, (2) their inability to 
adopt a Secondary Structure that could interact with func 
tional epitopes on the first and Second polypeptides; and (3) 
the lack of hydrophobic or charged residues that might react 
with the polypeptide functional epitopes. Preferred peptide 
linker Sequences contain Gly, ASn and Ser residues. Other 
near neutral amino acids, Such as Thr and Ala may also be 
used in the linker Sequence. Amino acid Sequences which 
may be usefully employed as linkers include those disclosed 
in Maratea et al., Gene 40:39-46, 1985; Murphy et al., Proc. 
Natl. Acad. Sci. USA 83:8258-8562, 1986; U.S. Pat. Nos. 
4,935,233 and 4,751,180. The linker sequence may be from 
1 to about 50 amino acids in length. As an alternative to the 
use of a peptide linker Sequence (when desired), one can 
utilize non-essential N-terminal amino acid regions (when 
present) on the first and Second polypeptides to separate the 
functional domains and prevent Steric hindrance. 

In another aspect, the present invention provides methods 
for using one or more of the above polypeptides or fusion 
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proteins (or polynucleotides encoding Such polypeptides or 
fusion proteins) to induce protective immunity against 
Chlamydial infection in a patient. AS used herein, a “patient' 
refers to any warm-blooded animal, preferably a human. A 
patient may be afflicted with a disease, or may be free of 
detectable disease and/or infection. In other words, protec 
tive immunity may be induced to prevent or treat Chlamy 
dial infection. 

In this aspect, the polypeptide, fusion protein or poly 
nucleotide molecule is generally present within a pharma 
ceutical composition or a vaccine. Pharmaceutical compo 
Sitions may comprise one or more polypeptides, each of 
which may contain one or more of the above sequences (or 
variants thereof), and a physiologically acceptable carrier. 
Vaccines may comprise one or more of the above polypep 
tides and a non-Specific immune response enhancer, Such as 
an adjuvant or a liposome (into which the polypeptide is 
incorporated). Such pharmaceutical compositions and vac 
cines may also contain other Chlamydia antigens, either 
incorporated into a combination polypeptide or present 
within a separate polypeptide. 

Alternatively, a vaccine mav contain polynucleotides 
encoding one or more polypeptides or fusion proteins as 
described above, Such that the polypeptide is generated in 
situ. In Such vaccines, the polynucleotides may be present 
within any of a variety of delivery systems known to those 
of ordinary skill in the art, including nucleic acid expression 
Systems, bacterial and viral expression Systems. Appropriate 
nucleic acid expression Systems contain the necessary poly 
nucleotide sequences for expression in the patient (Such as 
a Suitable promoter and terminating Signal). Bacterial deliv 
ery Systems involve the administration of a bacterium (Such 
as Bacillus-Calmette-Guerrin) that expresses an immuno 
genic portion of the polypeptide on its cell Surface. In a 
preferred embodiment, the polynucleotides may be intro 
duced using a viral expression System (e.g., vaccinia or other 
pox virus, retrovirus, or adenovirus), which may involve the 
use of a non-pathogenic (defective) virus. Techniques for 
incorporating polynucleotides into Such expression Systems 
are well known to those of ordinary skill in the art. The 
polynucleotides may also be "naked,” as described, for 
example, in Ulmer et al., Science 259:1745–1749, 1993 and 
reviewed by Cohen, Science 259:1691–1692, 1993. The 
uptake of naked polynucleotides may be increased by coat 
ing the polynucleotides onto biodegradable beads, which are 
efficiently transported into the cells. 

In a related aspect, a polynucleotide vaccine as described 
above may be administered Simultaneously with or Sequen 
tially to either a polypeptide of the present invention or a 
known Chlamydia antigen. For example, administration of 
polynucleotides encoding a polypeptide of the present 
invention, either “naked’ or in a delivery System as 
described above, may be followed by administration of an 
antigen in order to enhance the protective immune effect of 
the vaccine. 

Polypeptides and polynucleotides disclosed herein may 
also be employed in adoptive immunotherapy for the treat 
ment of Chlamydial infection. Adoptive immunotherapy 
may be broadly classified into either active or passive 
immunotherapy. In active immunotherapy, treatment relies 
on the in Vivo Stimulation of the endogenous host immune 
System with the administration of immune response 
modifying agents (for example, vaccines, bacterial 
adjuvants, and/or cytokines). 

In passive immunotherapy, treatment involves the deliv 
ery of biologic reagents with established immune reactivity 
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(Such as effector cells or antibodies) that can directly or 
indirectly mediate anti-Chlamydia effects and does not nec 
essarily depend on an intact host immune System. Examples 
of effector cells include T lymphocytes (for example, CD8+ 
cytotoxic T-lymphocyte, CD4+ T-helper, tumor-infiltrating 
lymphocytes), killer cells (such as Natural Killer cells, 
lymphokine-activated-killer cells), B cells, or antigen pre 
Senting cells (such as dendritic cells and macrophages) 
expressing the disclosed antigens. The polypeptides dis 
closed herein may also be used to generate antibodies or 
anti-idiotypic antibodies (as in U.S. Pat. No. 4,918,164), for 
passive immunotherapy. 
The predominant method of procuring adequate numbers 

of T-cells for adoptive immunotherapy is to grow immune 
T-cells in vitro. Culture conditions for expanding Single 
antigen-specific T-cells to Several billion in number with 
retention of antigen recognition in Vivo are well known in 
the art. These in vitro culture conditions typically utilize 
intermittent Stimulation with antigen, often in the presence 
of cytokines, Such as IL-2, and non-dividing feeder cells. AS 
noted above, the immunoreactive polypeptides described 
herein may be used to rapidly expand antigen-Specific T cell 
cultures in order to generate Sufficient number of cells for 
immunotherapy. In particular, antigen-presenting cells, Such 
as dendritic, macrophage, monocyte, fibroblast, or B-cells, 
may be pulsed with immunoreactive polypeptides, or poly 
nucleotide Sequence(s) may be introduced into antigen pre 
Senting cells, using a variety of Standard techniques well 
known in the art. For example, antigen presenting cells may 
be transfected or transduced with a polynucleotide Sequence, 
wherein Said Sequence contains a promoter region appropri 
ate for increasing expression, and can be expressed as part 
of a recombinant virus or other expression System. Several 
Viral vectors may be used to transduce an antigen presenting 
cell, including pox virus, vaccinia virus, and adenovirus, 
also, antigen presenting cells may be transfected with poly 
nucleotide Sequences disclosed herein by a variety of means, 
including gene-gun technology, lipid-mediated delivery, 
electroporation, osmotic shock, and particlate delivery 
mechanisms, resulting in efficient and acceptable expression 
levels as determined by one of ordinary skill in the art. For 
cultured T-cells to be effective in therapy, the cultured 
T-cells must be able to grow and distribute widely and to 
survive long term in vivo. Studies have demonstrated that 
cultured T-cells can be induced to grow in Vivo and to 
Survive long term in Substantial numbers by repeated Stimu 
lation with antigen Supplemented with IL-2 (see, for 
example, Cheever, M., et al., “Therapy With Cultured T 
Cells: Principles Revisited,” Immunological Reviews, 
157:177, 1997). 
The polypeptides disclosed herein may also be employed 

to generate and/or isolate chlamydial-reactive T-cells, which 
can then be administered to the patient. In one technique, 
antigen-specific T-cell lines may be generated by in vivo 
immunization with Short peptides corresponding to immu 
nogenic portions of the disclosed polypeptides. The result 
ing antigen specific CD8+ or CD4+ T-cell clones may be 
isolated from the patient, expanded using Standard tissue 
culture techniques, and returned to the patient. 

Alternatively, peptides corresponding to immunogenic 
portions of the polypeptides may be employed to generate 
chlamydia reactive T cell Subsets by selective in vitro 
Stimulation and expansion of autologous T cells to provide 
antigen-specific T cells which may be Subsequently trans 
ferred to the patient as described, for example, by Chang et 
al, (Crit. Rev. Oncol. Hematol., 22(3), 213, 1996). Cells of 
the immune System, Such as T cells, may be isolated from the 
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peripheral blood of a patient, using a commercially available 
cell Separation System, Such as IsoleX"M System, available 
from Nexell Therapeutics, Inc. Irvine, Calif. The separated 
cells are Stimulated with one or more of the immunoreactive 
polypeptides contained within a delivery vehicle, Such as a 
microSphere, to provide antigen-Specific T cells. The popu 
lation of antigen-Specific T cells is then expanded using 
Standard techniques and the cells are administered back to 
the patient. 

In other embodiments, T-cell and/or antibody receptors 
Specific for the polypeptides disclosed herein can be cloned, 
expanded, and transferred into other vectors or effector cells 
for use in adoptive immunotherapy. In particular, T cells 
may be transfected with the appropriate genes to express the 
variable domains from chlamydia Specific monoclonal anti 
bodies as the extracellular recognition elements and joined 
to the T cell receptor Signaling chains, resulting in T cell 
activation, Specific lysis, and cytokine release. This enables 
the T cell to redirect its specificity in an MHC-independent 
manner. See for example, Eshhar, Z., Cancer Immunol 
Immunother, 45(3–4): 131-6, 1997 and Hwu, P., et al., Cancer 
Res, 55(15):3369–73, 1995. Another embodiment may 
include the transfection of chlamydia antigen Specific alpha 
and beta T cell receptor chains into alternate T cells, as in 
Cole, DJ, et al., Cancer Res, 55(4):748–52, 1995. 

In a further embodiment, Syngeneic or autologous den 
dritic cells may be pulsed with peptides corresponding to at 
least an immunogenic portion of a polypeptide disclosed 
herein. The resulting antigen-Specific dendritic cells may 
either be transferred into a patient, or employed to Stimulate 
T cells to provide antigen-Specific T cells which may, in turn, 
be administered to a patient. The use of peptide-pulsed 
dendritic cells to generate antigen-specific T cells and the 
Subsequent use of Such antigen-Specific T cells to eradicate 
disease in a murine model has been demonstrated by 
Cheever et al., Immuological Reviews, 157: 177, 1997). 

Additionally, vectors expressing the disclosed polynucle 
otides may be introduced into Stem cells taken from the 
patient and clonally propagated in vitro for autologous 
transplant back into the same patient. 

Routes and frequency of administration of pharmaceutical 
compositions and vaccines, as well as dosage, will vary from 
individual to individual. In general, the pharmaceutical 
compositions and vaccines may be administered by injection 
(e.g., intracutaneous, intramuscular, intravenous or 
Subcutaneous), intranasally (e.g., by aspiration) or orally. 
Between 1 and 3 doses may be administered for a 1-36 week 
period. Preferably, 3 doses are administered, at intervals of 
3–4 months, and booster vaccinations may be given peri 
odically thereafter. Alternate protocols may be appropriate 
for individual patients. A Suitable dose is an amount of 
polypeptide or DNA that, when administered as described 
above, is capable of raising an immune response in an 
immunized patient Sufficient to protect the patient from 
Chlamydial infection for at least 1–2 years. In general, the 
amount of polypeptide present in a dose (or produced in Situ 
by the DNA in a dose) ranges from about 1 pg to about 100 
mg per kg of host, typically from about 10pg to about 1 mg, 
and preferably from about 100 pg to about 1 lug. Suitable 
dose sizes will vary with the size of the patient, but will 
typically range from about 0.1 mL to about 5 mL. 

While any suitable carrier known to those of ordinary skill 
in the art may be employed in the pharmaceutical compo 
sitions of this invention, the type of carrier will vary 
depending on the mode of administration. For parenteral 
administration, Such as Subcutaneous injection, the carrier 
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preferably comprises water, Saline, alcohol, a fat, a wax or 
a buffer. For oral administration, any of the above carriers or 
a Solid carrier, Such as mannitol, lactose, Starch, magnesium 
Stearate, Sodium Saccharine, talcum, cellulose, glucose, 
Sucrose, and magnesium carbonate, may be employed. Bio 
degradable microSpheres (e.g., polylactic galactide) may 
also be employed as carriers for the pharmaceutical com 
positions of this invention. Suitable biodegradable micro 
spheres are disclosed, for example, in U.S. Pat. Nos. 4,897, 
268 and 5,075,109. 
Any of a variety of non-Specific immune response 

enhancers may be employed in the vaccines of this inven 
tion. For example, an adjuvant may be included. Most 
adjuvants contain a Substance designed to protect the antigen 
from rapid catabolism, Such as aluminum hydroxide or 
mineral oil, and a Stimulator of immune responses, Such as 
lipid A, Bortadella pertussis or Mycobacterium tuberculosis 
derived proteins. Suitable adjuvants are commercially avail 
able as, for example, Freund's Incomplete Adjuvant and 
Complete Adjuvant (Difco Laboratories, Detroit, Mich.); 
Merck Adjuvant 65 (Merck and Company, Inc., Rahway, 
N.J.); SBAS2 and SBAS7 Adjuvants (SmithKline Beecham, 
London, England), aluminum salts such as aluminum 
hydroxide gel (alum) or aluminum phosphate, Salts of 
calcium, iron or Zinc, an insoluble Suspension of acylated 
tyrosine; acylated Sugars, cationically or anionically deriva 
tized polysaccharides, polyphosphaZenes, biodegradable 
microSpheres, monophosphoryl lipid A and quil A. 
Cytokines, such as GM-CSF or interleukin-2, -7, or -12, may 
also be used as adjuvants. 

In certain vaccine formulations, an adjuvant composition 
designed to induce an immune response that is predomi 
nantly of the Th1 type may be indicated. Preferred adjuvants 
for use in eliciting a predominantly Th1-type response 
include, for example, a combination of monophosphoryl 
lipid A, preferably 3-de-O-acylated monophosphoryl lipid A 
(3D-MPL), together with an aluminum salt. MPL adjuvants 
are available from Ribi ImmunoChem Research Inc. 
(Hamilton, Mont.) (see U.S. Pat. Nos. 4,436,727; 4,877, 
611; 4.866,034 and 4,912,094). CpG-containing oligonucle 
otides (in which the CpG dinucleotide is unmethylated) also 
induce a predominantly Th1 response. Such oligonucle 
otides are well known and are described, for example, in 
WO 96/02555. Another preferred adjuvant is a saponin, 
preferably QS21, which may be used alone or in combina 
tion with other adjuvants. For example, an enhanced System 
involves the combination of a monophosphoryl lipid A and 
Saponin derivative, Such as the combination of QS21 and 
3D-MPL as described in WO94/00153, or a less reactogenic 
composition where the QS21 is quenched with cholesterol, 
as described in WO 96/33739. Other preferred formulations 
comprises an oil-in-water emulsion and tocopherol. A par 
ticularly potent adjuvant formulation involving QS21, 
3D-MPL and tocopherol in an oil-in-water emulsion is 
described in WO95/17210. Any vaccine provided herein 
may be prepared using well known methods that result in a 
combination of antigen, immune response enhancer and a 
Suitable carrier or excipient. 
The compositions described herein may be administered 

as part of a Sustained release formulation (i.e., a formulation 
Such as a capsule or Sponge that effects a slow release of 
compound following administration). Such formulations 
may generally be prepared using well known technology and 
administered by, for example, oral, rectal or Subcutaneous 
implantation, or by implantation at the desired target Site. 
Sustained-release formulations may contain a polypeptide, 
polynucleotide or antibody dispersed in a carrier matrix 
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and/or contained within a reservoir Surrounded by a rate 
controlling membrane. Carriers for use within Such formu 
lations are biocompatible, and may also be biodegradable; 
preferably the formulation provides a relatively constant 
level of active component release. The amount of active 
compound contained within a Sustained release formulation 
depends upon the Site of implantation the rate and expected 
duration of release and the nature of the condition to be 
treated or prevented. 
Any of a variety of delivery vehicles may be employed 

within pharmaceutical compositions and vaccines to facili 
tate production of an antigen-specific immune response that 
targets tumor cells. Delivery vehicles include antigen pre 
Senting cells (APCs), Such as dendritic cells, macrophages, 
B cells, monocytes and other cells that may be engineered to 
be efficient APCs. Such cells may, but need not, be geneti 
cally modified to increase the capacity for presenting the 
antigen, to improve activation and/or maintenance of the T 
cell response, to have anti-tumor effects per Se and/or to be 
immunologically compatible with the receiver (i.e., matched 
HLA haplotype). APCs may generally be isolated from any 
of a variety of biological fluids and organs, including tumor 
and peritumoral tissues, and may be autologous, allogeneic, 
Syngeneic or Xenogeneic cells. 

In another aspect, the present invention provides methods 
for using the polypeptides described above to diagnose 
Chlamydial infection. In this aspect, methods are provided 
for detecting Chlamydial infection in a biological Sample, 
using one or more of the above polypeptides, either alone or 
in combination. For clarity, the term “polypeptide' will be 
used when describing Specific embodiments of the inventive 
diagnostic methods. However, it will be clear to one of skill 
in the art that the fusion proteins of the present invention 
may also be employed in Such methods. 
AS used herein, a “biological Sample' is any antibody 

containing Sample obtained from a patient. Preferably, the 
Sample is whole blood, Sputum, Serum, plasma, Saliva, 
cerebroSpinal fluid or urine. More preferably, the Sample is 
a blood, Serum or plasma Sample obtained from a patient. 
The polypeptides are used in an assay, as described below, 
to determine the presence or absence of antibodies to the 
polypeptide(s) in the sample, relative to a predetermined 
cut-off value. The presence of Such antibodies indicates 
previous Sensitization to Chlamydia antigens which may be 
indicative of Chlamydia-infection. 

In embodiments in which more than one polypeptide is 
employed, the polypeptides used are preferably complemen 
tary (i.e., one component polypeptide will tend to detect 
infection in samples where the infection would not be 
detected by another component polypeptide). Complemen 
tary polypeptides may generally be identified by using each 
polypeptide individually to evaluate Serum Samples obtained 
from a series of patients known to be infected with Chlamy 
dia. After determining which Samples test positive (as 
described below) with each polypeptide, combinations of 
two or more polypeptides may be formulated that are 
capable of detecting infection in most, or all, of the Samples 
tested. 

A variety of assay formats are known to those of ordinary 
skill in the art for using one or more polypeptides to detect 
antibodies in a Sample. See, e.g., Harlow and Lane, Anti 
bodies. A Laboratory Manual, Cold Spring Harbor 
Laboratory, 1988, which is incorporated herein by reference. 
In a preferred embodiment, the assay involves the use of 
polypeptide immobilized on a Solid Support to bind to and 
remove the antibody from the sample. The bound antibody 
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may then be detected using a detection reagent that contains 
a reporter group. Suitable detection reagents include anti 
bodies that bind to the antibody/polypeptide complex and 
free polypeptide labeled with a reporter group (e.g., in a 
Semi-competitive assay). Alternatively, a competitive assay 
may be utilized, in which an antibody that binds to the 
polypeptide is labeled with a reporter group and allowed to 
bind to the immobilized antigen after incubation of the 
antigen with the Sample. The extent to which components of 
the sample inhibit the binding of the labeled antibody to the 
polypeptide is indicative of the reactivity of the Sample with 
the immobilized polypeptide. 
The Solid Support may be any Solid material known to 

those of ordinary skill in the art to which the antigen may be 
attached. For example, the Solid Support may be a test well 
in a microtiter plate, or a nitrocellulose or other Suitable 
membrane. Alternatively, the Support may be a bead or disc, 
Such as glass, fiberglass, latex or a plastic material Such as 
polystyrene or polyvinylchloride. The Support may also be a 
magnetic particle or a fiber optic Sensor, Such as those 
disclosed, for example, in U.S. Pat. No. 5,359,681. 
The polypeptides may be bound to the Solid Support using 

a variety of techniques known to those of ordinary skill in 
the art. In the context of the present invention, the term 
“bound” refers to both noncovalent association, Such as 
adsorption, and covalent attachment (which may be a direct 
linkage between the antigen and functional groups on the 
Support or may be a linkage by way of a cross-linking agent). 
Binding by adsorption to a well in a microtiter plate or to a 
membrane is preferred. In Such cases, adsorption may be 
achieved by contacting the polypeptide, in a Suitable buffer, 
with the solid support for a suitable amount of time. The 
contact time varies with temperature, but is typically 
between about 1 hour and 1 day. In general, contacting a 
well of a plastic microtiter plate (Such as polystyrene or 
polyvinylchloride) with an amount of polypeptide ranging 
from about 10 ng to about 1 lug, and preferably about 100 ng, 
is Sufficient to bind an adequate amount of antigen. 

Covalent attachment of polypeptide to a Solid Support 
may generally be achieved by first reacting the Support with 
a bifunctional reagent that will react with both the Support 
and a functional group, Such as a hydroxyl or amino group, 
on the polypeptide. For example, the polypeptide may be 
bound to Supports having an appropriate polymer coating 
using benzoquinone or by condensation of an aldehyde 
group on the Support with an amine and an active hydrogen 
on the polypeptide (See, e.g., Pierce Immunotechnology 
Catalog and Handbook, 1991, at A12-A13). 

In certain embodiments, the assay is an enzyme linked 
immunosorbent assay (ELISA). This assay may be per 
formed by first contacting a polypeptide antigen that has 
been immobilized on a Solid Support, commonly the well of 
a microtiter plate, with the Sample, Such that antibodies to 
the polypeptide within the sample are allowed to bind to the 
immobilized polypeptide. Unbound Sample is then removed 
from the immobilized polypeptide and a detection reagent 
capable of binding to the immobilized antibody-polypeptide 
complex is added. The amount of detection reagent that 
remains bound to the Solid Support is then determined using 
a method appropriate for the Specific detection reagent. 
More Specifically, once the polypeptide is immobilized on 

the Support as described above, the remaining protein bind 
ing Sites on the Support are typically blocked Any Suitable 
blocking agent known to those of ordinary skill in the art, 
such as bovine serum albumin (BSA) or Tween 20TM (Sigma 
Chemical Co., St. Louis, Mo.) may be employed. The 



US 6,555,115 B1 
21 

immobilized polypeptide is then incubated with the Sample, 
and antibody is allowed to bind to the antigen. The Sample 
may be diluted with a Suitable dilutent, Such as phosphate 
buffered saline (PBS) prior to incubation. In general, an 
appropriate contact time (i.e., incubation time) is that period 
of time that is sufficient to detect the presence of antibody 
within an HGE-infected sample. Preferably, the contact time 
is sufficient to achieve a level of binding that is at least 95% 
of that achieved at equilibrium between bound and unbound 
antibody. Those of ordinary skill in the art will recognize 
that the time necessary to achieve equilibrium may be 
readily determined by assaying the level of binding that 
occurs over a period of time. At room temperature, an 
incubation time of about 30 minutes is generally sufficient. 
Unbound sample may then be removed by washing the 

solid support with an appropriate buffer, such as PBS 
containing 0.1% Tween 20TM. Detection reagent may then be 
added to the Solid Support. An appropriate detection reagent 
is any compound that binds to the immobilized antibody 
polypeptide complex and that can be detected by any of a 
variety of means known to those in the art. Preferably, the 
detection reagent contains a binding agent (Such as, for 
example, Protein A, Protein G, immunoglobulin, lectin or 
free antigen) conjugated to a reporter group. Preferred 
reporter groups include enzymes (Such as horseradish 
peroxidase), Substrates, cofactors, inhibitors, dyes, 
radionuclides, luminescent groups, fluorescent groups and 
biotin. The conjugation of binding agent to reporter group 
may be achieved using Standard methods known to those of 
ordinary skill in the art. Common binding agents may also 
be purchased conjugated to a variety of reporter groups from 
many commercial Sources (e.g., Zymed Laboratories, San 
Francisco, Calif., and Pierce, Rockford, Ill.). 

The detection reagent is then incubated with the immo 
bilized antibody-polypeptide complex for an amount of time 
Sufficient to detect the bound antibody. An appropriate 
amount of time may generally be determined from the 
manufacturers instructions or by assaying the level of 
binding that occurs over a period of time. Unbound detection 
reagent is then removed and bound detection reagent is 
detected using the reporter group. The method employed for 
detecting the reporter group depends upon the nature of the 
reporter group. For radioactive groups, Scintillation counting 
or autoradiographic methods are generally appropriate. 
Spectroscopic methods may be used to detect dyes, lumi 
neScent groups and fluorescent groups. Biotin may be 
detected using avidin, coupled to a different reporter group 
(commonly a radioactive or fluorescent group or an 
enzyme). Enzyme reporter groups may generally be detected 
by the addition of Substrate (generally for a specific period 
of time), followed by spectroscopic or other analysis of the 
reaction products. 
To determine the presence or absence of anti-Chlamydia 

antibodies in the Sample, the Signal detected from the 
reporter group that remains bound to the Solid Support is 
generally compared to a signal that corresponds to a prede 
termined cut-off value. In one preferred embodiment, the 
cut-off value is the average mean Signal obtained when the 
immobilized antigen is incubated with Samples from an 
uninfected patient. In general, a Sample generating a signal 
that is three Standard deviations above the predetermined 
cut-off value is considered positive for Chlamydia-infection. 
In an alternate preferred embodiment, the cut-off value is 
determined using a Receiver Operator Curve, according to 
the method of Sackett et al., Clinical Epidemiology. A Basic 
Science for Clinical Medicine, Little Brown and Co., 1985, 
pp. 106-107. Briefly, in this embodiment, the cut-off value 
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may be determined from a plot of pairs of true positive rates 
(i.e., sensitivity) and false positive rates (100%-specificity) 
that correspond to each possible cut-off value for the diag 
nostic test result. The cut-off value on the plot that is the 
closest to the upper left-hand corner (i.e., the value that 
encloses the largest area) is the most accurate cut-off value, 
and a Sample generating a signal that is higher than the 
cut-off value determined by this method may be considered 
positive. Alternatively, the cut-off value may be shifted to 
the left along the plot, to minimize the false positive rate, or 
to the right, to minimize the false negative rate. In general, 
a Sample generating a signal that is higher than the cut-off 
value determined by this method is considered positive for 
Chlamydial infection. 

In a related embodiment, the assay is performed in a rapid 
flow-through or Strip test format, wherein the antigen is 
immobilized on a membrane, Such as nitrocellulose. In the 
flow-through test, antibodies within the sample bind to the 
immobilized polypeptide as the Sample passes through the 
membrane. A detection reagent (e.g., protein A-colloidal 
gold) then binds to the antibody-polypeptide complex as the 
Solution containing the detection reagent flows through the 
membrane. The detection of bound detection reagent may 
then be performed as described above. In the strip test 
format, one end of the membrane to which polypeptide is 
bound is immersed in a Solution containing the Sample. The 
Sample migrates along the membrane through a region 
containing detection reagent and to the area of immobilized 
polypeptide. Concentration of detection reagent at the 
polypeptide indicates the presence of anti-Chlamydia anti 
bodies in the Sample. Typically, the concentration of detec 
tion reagent at that Site generates a pattern, Such as a line, 
that can be read visually. The absence of Such a pattern 
indicates a negative result. In general, the amount of 
polypeptide immobilized on the membrane is Selected to 
generate a visually discernible pattern when the biological 
sample contains a level of antibodies that would be sufficient 
to generate a positive signal in an ELISA, as discussed 
above. Preferably, the amount of polypeptide immobilized 
on the membrane ranges from about 25 ng to about 1 lug, and 
more preferably from about 50 ng to about 500 ng. Such 
tests can typically be performed with a very Small amount 
(e.g., one drop) of patient Serum or blood. 
Of course, numerous other assay protocols exist that are 

Suitable for use with the polypeptides of the present inven 
tion. The above descriptions are intended to be exemplary 
only. One example of an alternative assay protocol which 
may be usefully employed in such methods is a Western blot, 
wherein the proteins present in a biological Sample are 
Separated on a gel, prior to exposure to a binding agent. Such 
techniques are well known to those of skill in the art. 

In yet another aspect, the present invention provides 
antibodies to the polypeptides of the present invention. 
Antibodies may be prepared by any of a variety of tech 
niques known to those of ordinary skill in the art. See, e.g., 
Harlow and Lane, Antibodies. A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1988. 
In one Such technique, an immunogen comprising the anti 
genic polypeptide is initially injected into any of a wide 
variety of mammals (e.g., mice, rats, rabbits, sheep and 
goats). The polypeptides of this invention may serve as the 
immunogen without modification. Alternatively, particularly 
for relatively short polypeptides, a Superior immune 
response may be elicited if the polypeptide is joined to a 
carrier protein, Such as bovine Serum albumin or keyhole 
limpet hemocyanin. The immunogen is injected into the 
animal host, preferably according to a predetermined Sched 
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ule incorporating one or more booster immunizations, and 
the animals are bled periodically. Polyclonal antibodies 
Specific for the polypeptide or antigenic epitope may then be 
purified from Such antisera by, for example, affinity chro 
matography using the polypeptide coupled to a Suitable Solid 
Support. 

Monoclonal antibodies specific for the antigenic polypep 
tide or epitope of interest may be prepared, for example, 
using the technique of Kohler and Milstein, Eur: J. Immunol. 
6:511–519, 1976, and improvements thereto. Briefly, these 
methods involve the preparation of immortal cell lines 
capable of producing antibodies having the desired speci 
ficity (i.e., reactivity with the polypeptide or antigenic 
epitope of interest). Such cell lines may be produced, for 
example, from Spleen-cells obtained from an animal immu 
nized as described above. The Spleen cells are then immor 
talized by, for example, fusion with a myeloma cell fusion 
partner, preferably one that is Syngeneic with the immunized 
animal. A variety of fusion techniques may be employed. 
For example, the Spleen cells and myeloma cells may be 
combined with a nonionic detergent for a few minutes and 
then plated at low density on a Selective medium that 
Supports the growth of hybrid cells, but not myeloma cells. 
A preferred Selection technique uses HAT (hypoxanthine, 
aminopterin, thymidine) selection. After a Sufficient time, 
usually about 1 to 2 weeks, colonies of hybrids are observed. 
Single colonies are Selected and tested for binding activity 
against the polypeptide or antigenic epitope. Hybridomas 
having high reactivity and Specificity are preferred. 

Monoclonal antibodies may be isolated from the Super 
natants of growing hybridoma colonies. In addition, various 
techniques may be employed to enhance the yield, Such as 
injection of the hybridoma cell line into the peritoneal cavity 
of a Suitable vertebrate host, Such as a mouse. Monoclonal 
antibodies may then be harvested from the ascites fluid or 
the blood. Contaminants may be removed from the antibod 
ies by conventional techniques, Such as chromatography, gel 
filtration, precipitation, and extraction. The polypeptides or 
antigenic epitopes of this invention may be used in the 
purification process in, for example, an affinity chromatog 
raphy Step. 

Antibodies may be used in diagnostic tests to detect the 
presence of Chlamydia antigens using assays Similar to 
those detailed above and other techniques well known to 
those of skill in the art, thereby providing a method for 
detecting Chlamydial infection in a patient. 

Diagnostic reagents of the present invention may also 
comprise DNA sequences encoding one or more of the 
above polypeptides, or one or more portions thereof. For 
example, at least two oligonucleotide primerS may be 
employed in a polymerase chain reaction (PCR) based assay 
to amplify Chlamydia-specific cDNA derived from a bio 
logical Sample, wherein at least one of the oligonucleotide 
primerS is Specific for a DNA molecule encoding a polypep 
tide of the present invention. The presence of the amplified 
cDNA is then detected using techniques well known in the 
art, Such as gel electrophoresis. Similarly, oligonucleotide 
probes Specific for a DNA molecule encoding a polypeptide 
of the present invention may be used in a hybridization assay 
to detect the presence of an inventive polypeptide in a 
biological Sample. 
AS used herein, the term "oligonucleotide primer/probe 

Specific for a DNA molecule” means an oligonucleotide 
Sequence that has at least about 80%, preferably at least 
about 90% and more preferably at least about 95%, identity 
to the DNA molecule in question. Oligonucleotide primers 
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and/or probes which may be usefully employed in the 
inventive diagnostic methods preferably have at least about 
10-40 nucleotides. In a preferred embodiment, the oligo 
nucleotide primers comprise at least about 10 contiguous 
nucleotides of a DNA molecule encoding one of the 
polypeptides disclosed herein. Preferably, oligonucleotide 
probes for use in the inventive diagnostic methods comprise 
at least about 15 contiguous oligonucleotides of a DNA 
molecule encoding one of the polypeptides disclosed herein. 
Techniques for both PCR based assays and hybridization 
assays are well known in the art (see, for example, Mullis et 
al. Ibid, Ehrlich, Ibid). Primers or probes may thus be used 
to detect Chlamydia-specific Sequences in biological 
Samples. DNA probes or primers comprising oligonucle 
otide Sequences described above may be used alone or in 
combination with each other. 

The following Examples are offered by way of illustration 
and not by way of limitation. 

EXAMPLE 1. 

Isolation of DNA Sequences Encoding Chlamydia 
Antigens 

Chlamydia antigens of the present invention were isolated 
by expression cloning of a genomic DNA library of Chlamy 
dia trachomatis LGV II essentially as described by Sand 
erson et al. (J. Exp. Med., 1995, 182:1751–1757) and were 
shown to induce PBMC proliferation and IFN-Y in an 
immunoreactive T cell line. 

A Chlamydia-specific T cell line was generated by Stimu 
lating PBMCs from a normal donor with no history of 
chlamydial genital tract infection with elementary bodies of 
Chlamydia trachomatis LGV II. This T cell line, referred to 
as TCL-8, was found to recognize both Chlamydia tra 
chomatis and Chlamydia pneumonia infected monocyte 
derived dendritic cells. 
A randomly sheared genomic library of Chlamydia tra 

chomatis LGV II was constructed in Lambda ZAP 
(Stratagene, La Jolla, Calif.) and the amplified library plated 
out in 96 well microtiter plates at a density of 30 ciones/well. 
Bacteria were induced to express recombinant protein in the 
presence of 2 mM IPTG for 3 h, then pelleted and resus 
pended in 200 ul of RPMI 10% FBS. 10 ul of the induced 
bacterial Suspension was transferred to 96 well plates con 
taining autologous monocyte-derived dendritic cells. After a 
2 h incubation, dendritic cells were washed to remove free 
E. coli and Chlamydia-specific T cells were added. Positive 
E. coli pools were identified by determining IFN-Y produc 
tion and proliferation of the T cells in response to the pools. 

Four positive pools were identified, which were broken 
down to yield four pure clones (referred to as 1-B1-66, 
4-D7-28, 3-G3-10 and 10-C10-31), with insert sizes of 481 
bp, 183 bp, 110 bp and 1400 bp, respectively. The deter 
mined DNA sequences for 1-B1-66, 4-D7-28, 3-G3-10 and 
10-C10-31 are provided in SEQ ID NO: 1-4, respectively. 
Clone 1-B1-66 is approximately in region 536690 of the C. 
trachomatis genome (NCBI C. trachomatis database). 
Within clone 1-B1-66, an open reading frame (ORF) has 
been identified (nucleotides 115-375) that encodes a previ 
ously identified 9 kDa protein (Stephens, et al. Genbank 
Accession No. AE001320), the sequence of which is pro 
vided in SEQ ID NO: 5). Clone 4-D7-28 is a smaller region 
of the same ORF (amino acids 22–82 of 1-B1-66). Clone 
3-G3-10 is approximately in region 74559 of the C. tra 
chomatis genome. The insert is cloned in the antisense 
orientation with respect to its orientation in the genome. The 
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clone 10-C10-31 contains an open reading frame that cor 
responds to a previously published Sequence for S13 ribo 
Somal protein from Chlamydia trachomatis (Gu, L. et al. J. 
Bacteriology, 177:2594–2601, 1995). The predicted protein 
sequences for 4-D7-28 and 10-C10-31 are provided in SEQ 
ID NO: 6 and 12, respectively. Predicted protein sequences 
for 3-G3-10 are provided in SEQ ID NO: 7–11. 

In a related Series of Screening Studies, an additional T cell 
line was used to screen the genomic DNA library of Chlamy 
dia trachomatis LGV II described above. A Chlamydia 
specific T cell line (TCT-1) was derived from a patient with 
a chlamydial genital tract infection by Stimulating patient 
PBMC with autologous monocyte-derived dendritic cells 
infected with elementary bodies of Chlamydia trachomatis 
LGV II. One clone, 4C9-18 (SEQ ID NO: 21), containing a 
1256 bp insert, elicited a specific immune response, as 
measured by Standard proliferation assays, from the 
Chlamydia-specific T cell line TCT-1. Subsequent analysis 
revealed this clone to contain three known Sequences: lipoa 
mide dehydrogenase (Genbank Accession No. AE001326), 
disclosed in SEQ ID NO: 22; a hypothetical protein CT429 
(Genbank Accession No. AE001316), disclosed in SEQ ID 
NO. 23; and part of an open reading frame of ubiquinone 
methyltransferase CT428 (Genbank Accession No. 
AE001316), disclosed in SEQ ID NO: 24. 

In further studies involving clone 4C9-18 (SEQ ID NO: 
21), the full-length amino acid sequence for lipoamide 
dehydrognase (SEQ ID NO: 22) from C. trachomatis (LGV 
II) was expressed in clone CtL2-LPDA-FL, as disclosed in 
SEO ID NO: 90. 
To further characterize the open reading frame containing 

the T cell Stimulating epitope(s), a cDNA fragment contain 
ing nucleotides 1-695 of clone 4C9-18 with a cDNA 
Sequence encoding a 6X-Histidine tag on the amino termi 
nus was subcloned into the NdeI/EcoRI site of the pET17b 
vector (Novagen, Madison, Wis.), referred to as clone 4C9 
18#2 BL21 plysS (SEQ ID NO: 25, with the corresponding 
amino acid sequence provided in SEQ ID NO: 26) and 
transformed into E. coli. Selective induction of the trans 
formed E. coli with 2 mM IPTG for three hours resulted in 
the expression of: a 26 kDa protein from clone 4C9-18#2 
BL21 p ySS, as evidenced by Standard Coomassie-Stained 
SDS-PAGE. To determine the immunogenicity of the pro 
tein encoded by clone 4C9-18#2 BL21 p ySS, E. coli 
expressing the 26 kDa protein were titered onto 1x10' 
monocyte-derived dendritic cells and incubated for two 
hours. The dendritic cell cultures were washed and 2.5x10' 
T cells (TCT-1) added and allowed to incubate for an 
additional 72 hours, at which time the level of IFN-Y in the 
culture Supernatant was determined by ELISA. As shown in 
FIG. 1, the T-cell line TCT-1 was found to respond to 
induced cultures as measured by IFN-Y, indicating a 
Chlamydia-specific T-cell response against the lipoamide 
dehydrogenase Sequence. Similarly, the protein encoded by 
clone 4C9-18#2 BL21 pl ySS was shown to stimulate the 
TCT-1 T-cell line by standard proliferation assays. Subse 
quent Studies to identify additional Chlamydia trachomatis 
antigens using the above-described CD4+ T-cell expression 
cloning technique yielded additional clones. The TCT-1 and 
TCL-8 Chlamydia-specific T-cell lines, as well as the TCP 
21 T-cell line were utilized to screen the Chlamydia tra 
chomatis LGVII genomic library. The TCP-21 T-cell line 
was derived from a patient having a humoral immune 
response to Chlamydia pnuemoniae. The TCT-1 cell line 
identified 37 positive pools, the TCT-3 cell line identified 41 
positive pools and the TCP-21 cell line identified 2 positive 
pools. The following clones were derived from 10 of these 
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positive pools. Clone 11-A3-93 (SEQID NO: 64), identified 
by the TCP-21 cell line, is a 1339 bp genomic fragment 
sharing homology to the HAD superfamily (CT103). The 
Second insert in the same clone shares homology with the 
fab I gene (CT104) present on the complementary strand. 
Clone 11-C12-91 (SEQ ID NO: 63), identified using the 
TCP-21 cell line, has a 269 bp insert that is part of the OMP2 
gene (CT443) and shares homology with the 60 kDa cys 
teine rich Outer membrane protein of C. pnuemoniae. 

Clone 11-G10-46, (SEQ ID NO: 62), identilied using the 
TCT-3 cell line, contains a 688 bp insert that shares homol 
ogy to the hypothetical protein CT610. Clone 11-G1-34, 
(SEQ ID NO: 61), identified using the TCT-3 cell line has 
two partial open reading frames (ORF) with an insert size of 
1215 bp. One ORF shares homology to the malate dehy 
drogenase gene (CT376), and the other ORF shares homol 
ogy to the glycogen hydrolase gene (CTO42). Clone 11-H3 
68, (SEQ ID NO: 60), identified using the TCT-3 cell line, 
has two ORFs with a total insert size of 1180 bp. One partial 
ORF encodes the plasmid-encoded PGP6-D virulence pro 
tein while the second ORF is a complete ORF for the L1 
ribosomal gene (CT318). Clone 11-H4-28, (SEQ ID NO: 
59), identified using the TCT-3 cell line, has an insert size of 
552 bp and is part of the ORF for the dnaK gene (CT396). 
Clone 12-B3-95, (SEQ ID NO: 58), identified using the 
TCT-1 cell line, has an insert size of 463 bp and is a part of 
the ORF for for the lipoamide dehydrogenase gene (CT557). 
Clones 15-G1-89 and 12-B3-95 are identical, (SEQID NO: 
55 and 58, respectively), identified using the TCT-1 cell line, 
has an insert size of 463 bp and is part of the ORF for the 
lipoamide dehydrogenase gene (CT557). Clone 12-G3-83, 
(SEQ ID NO:57), identified using the TCT-1 cell line has an 
insert size of 1537 bp and has part of the ORF for the 
hypothetical protein CT622. 

Clone 23-G7-68, (SEQ ID NO: 79), identified using the 
TCT-3 cell line, contains a 950 bp insert and contains a small 
part of the L11 ribosomal ORF, the entire ORF for L1 
ribosomal protein and a part of the ORF for L10 ribosomal 
protein. Clone 22-F8-91, (SEQ ID NO: 80), identified using 
the TCT-1 cell line, contains a 395 bp insert that contains a 
part of the pmpC ORF on the complementary strand of the 
clone. Clone 21-E8-95, (SEQ ID NO: 81), identified using 
the TCT-3 cell line, contains a 2,085 bp insert which 
contains part of CT613 ORF, the complete ORF for CT612, 
the complete ORF for CT611 and part of the ORF for 
CT610. Clone 19-F12-57, (SEQ ID NO: 82), identified 
using the TCT-3 cell line, contains a 405 bp insert which 
contains part of the CT858 ORF and a small part of the recA 
ORF. Clone 19-F12-53, (SEQ ID NO: 83), identified using 
the TCT-3 cell line, contains a 379 bp insert that is part of 
the ORF for CT455 encoding glutamyl tRNA synthetase. 
Clone 19-A5-54, (SEQ ID NO: 84), identified using the 
TCT-3 cell line, contains a 715 bp insert that is part of the 
ORF3 (complementary strand of the clone) of the cryptic 
plasmid. Clone 17-E11-72, (SEQ ID NO: 85), identified 
using the TCT-1 cell line, contains a 476 bp insert that is part 
of the ORF for Opp 2 and pmpD. The pmp) region of this 
clone is covered by the pmpD region of clone 15-H2-76. 
Clone 17-C1-77, (SEQ ID NO: 86), identified using the 
TCT-3 cell line, contains a 1551 bp insert that is part of the 
CT857 ORF, as well as part of the CT858 ORF. Clone 
15-H2-76, (SEQ ID NO: 87), identified using the TCT-1 cell 
line, contains a 3,031 bp insert that contains a large part of 
the pmplD ORF, part of the CTO89 ORF, as well as part of 
the ORF for SycE. Clone 15-A3-26, (SEQ ID NO: 88), 
contains a 976 bp insert that contains part of the ORF for 
CT858. 
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Clone 14-H 1-4, (SEQ ID NO. 56), identified using the 
TCT-3 cell line, contains a complete ORF for the TSA gene, 
thiol specific antioxidant-CT603 (the CT603 ORF is a 
homolog of CPn0778 from C. pneumoniae). The TSA open 
reading frame in clone 14-H 1-4 was amplified Such that the 
expressed protein possess an additional methionine and a 6X 
histidine tag (amino terminal end). This amplified insert was 
sub-cloned into the Nde/EcoRI sites of the peT17b vector. 
Upon induction of this clone with IPTG, a 22.6 kDa protein 
was purified by Ni-NTA agarose affinity chromatography. 
The determined amino acid Sequence for the 195 amino acid 
ORF of clone 14-H 1-4 encoding the TSA gene is provided 
in SEQ ID NO: 65. Further analysis yielded a full-length 
clone for the TSA gene, referred to as CTL2-TSA-FL, with 
the full-length amino acid sequence provided in SEQ ID 
NO: 92. 

Additional Chlamydia antigens were obtained by Screen 
ing a genomic expression library of Chlamydia trachomatis 
(LGV II serovar) in Lambda Screen-1 vector (Novagen, 
Madison, Wis.) with sera pooled from several Chlamydia 
infected individuals using techniques well known in the art. 
The following immuno-reactive clones were identified and 
the inserts containing Chlamydia genes Sequenced: CTL2#1 
(SEQ ID NO: 71); CTL2#2 (SEQ ID NO: 70); CTL2#3-5' 
(SEQ ID NO: 72, a first determined genomic sequence 
representing the 5' end); CTL2#3-3' (SEQ ID NO: 73, a 
Second determined genomic Sequence representing the 3' 
end); CTL2#4 (SEQ ID NO: 53); CTL2#5 (SEQ ID NO: 
69); CTL2#6 (SEQ ID NO: 68); CTL2#7 (SEQ ID NO: 67); 
CTL2#8b (SEQ ID NO. 54); CTL2#9 (SEQ ID NO: 66); 
CTL2#10-5 (SEQ ID NO: 74, a first determined genomic 
sequence representing the 5' end); CTL2#10-3' (SEQ ID 
NO: 75, a Second determined genomic Sequence represent 
ing the 3' end); CTL2#11-5 (SEQ ID NO: 45, a first 
determined genomic Sequence representing the 5' end); 
CTL2#11-3' (SEQID NO:44, as econd determined genomic 
sequence representing the 3' end); CTL2#12 (SEQ ID NO: 
46); CTL2#16-5 (SEQ ID NO: 47); CTL2#18-5' (SEQ ID 
NO: 49, a first determined genomic Sequence representing 
the 5' end); CTL2#18-3' (SEQ ID NO: 48, a second deter 
mined genomic sequence representing the 3' end); 
CTL2#19-5' (SEQ ID NO: 76, the determined genomic 
sequence representing the 5' end); CTL2#21 (SEQ ID NO: 
50); CTL2#23 (SEQ ID NO: 51; and CTL2#24 (SEQ ID 
NO: 52). 

EXAMPLE 2 

Induction of T Cell Proliferation and Interferon-y 
Production by Chlamydia Trachomatis Antigens 

The ability of recombinant Chlamydia trachomatis anti 
gens to induce T cell proliferation and interferon-Y produc 
tion is determined as follows. 

Proteins are induced by IPTG and purified by Ni-NTA 
agarose affinity chromatograph (Webb et al., J. Immunology 
157:5034–5041, 1996). The purified polypeptides are then 
screened for the ability to induce T-cell proliferation in 
PBMC preparations. PBMCs from C. trachomatis patients 
as well as from normal donors whose T-cells are known to 
proliferate in response to Chlamydia antigens, are cultured 
in medium comprising RPMI 1640 Supplemented with 10% 
pooled human Serum and 50 lug/ml gentamicin. Purified 
polypeptides are added in duplicate at concentrations of 0.5 
to 10 ug/mL. After six days of culture in 96-well round 
bottom plates in a volume of 200 ul, 50 ul of medium is 
removed from each well for determination of IFN-Y levels, 
as described below. The plates are then pulsed with 1 
luCi/well of tritiated thymidine for a further 18 hours, 
harvested and tritium uptake determined using a gas Scin 
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tillation counter. Fractions that result in proliferation in both 
replicates three fold greater than the proliferation observed 
in cells cultured in medium alone are considered positive. 

IFN-Y is measured using an enzyme-linked immunosor 
bent assay (ELISA). ELISA plates are coated with a mouse 
monoclonal antibody directed to human IFN-y 
(PharMingen, San Diego, Calif.) in PBS for four hours at 
room temperature. Wells are then blocked with PBS con 
taining 5% (W/V) non-fat dried milk for 1 hour at room 
temperature. The plates are washed six times in PBS/0.2% 
TWEEN-20 and samples diluted 1:2 in culture medium in 
the ELISA plates are incubated overnight at room tempera 
ture. The plates are again washed and a polyclonal rabbit 
anti-human IFN-y serum diluted 1:3000 in PBS/10% normal 
goat Serum is added to each well. The plates are then 
incubated for two hours at room temperature, washed and 
horseradish peroxidase-coupled anti-rabbit IgG (Sigma 
Chemical So., St. Louis, Mo.) is added at a 1:2000 dilution 
in PBS/5% non-fat dried milk. After a further two hour 
incubation at room temperature, the plates are washed and 
TMB substrate added. The reaction is stopped after 20 min 
with 1 N Sulfuric acid. Optical density is determined at 450 
nm using 570 nm as a reference wavelength. Fractions that 
result in both replicates giving an OD two fold greater than 
the mean OD from cells cultured in medium alone, plus 3 
Standard deviations, are considered positive. 

Using the above methodology, recombinant 1B1-66 pro 
tein (SEQ ID NO: 5) as well as two synthetic peptides 
corresponding to amino acid residues 48-67 (SEQ ID NO: 
13; referred to as 1-B1-66/48-67) and 58-77 (SEQ ID NO: 
14, referred to as 1B1-66/58-77), respectively, of SEQ ID 
NO: 5, were found to induce a proliferative response and 
IFN-Y production in a Chlamydia-specific T cell line used to 
screen a genomic library of C. trachomatis LGV II. 

Further studies have identified a C. trachomatis-specific 
T-cell epitope in the ribosomal S13 protein. Employing 
Standard epitope mapping techniques well known in the art, 
two T-cell epitopes in the ribosomal S13 protein (rS13) were 
identified with a Chlamydia-specific T-cell line from donor 
CL-8 (T-cell line TCL-8 EB/DC). FIG. 8 illustrates that the 
first peptide, rS13 1-20 (SEQ ID NO: 106), is 100% 
identical with the corresponding C. pneumoniae Sequence, 
explaining the croSS-reactivity of the T-cell line to recom 
binant C. trachomatis and C. pneumoniae-rS13. The 
response to the second peptide rS13 56-75 (SEQ ID NO: 
108) is C. trachomatis-specific, indicating that the rS13 
response in this healthy asymptomatic donor was elicited by 
exposure to C. trachomatis and not to C. pneumoniae, or any 
other microbial infection. 

EXAMPLE 3 

Preparation of Synthetic Polypeptides 
Polypeptides may be synthesized on a Millipore 9050 

peptide synthesizer using FMOC chemistry with HPTU 
(O-Benzo triazole-N,N,N',N'-tetramethyluronium 
hexafluorophosphate) activation. A Gly-Cys-Gly sequence 
may be attached to the amino terminus of the peptide to 
provide a method of conjugating or labeling of the peptide. 
Cleavage of the peptides from the Solid Support may be 
carried out using the following cleavage mixture: trifluoro 
acetic acid: ethanedithiol: thioaniSole:Water:phenol 
(40:1:2:2:3). After cleaving for 2 hours, the peptides may be 
precipitated in cold methyl-t-butyl-ether. The peptide pellets 
may then be dissolved in water containing 0.1% trifluoro 
acetic acid (TFA) and lyophilized prior to purification by 
C18 reverse phase HPLC. A gradient of 0-60% acetonitrile 
(containing 0.1%TFA) in water (containing 0.1%TFA) may 
be used to elute the peptides. Following lyophilization of the 
pure fractions, the peptides may be characterized using 
electrospray mass Spectrometry and by amino acid analysis. 
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EXAMPLE 4 

Lysis of Target Cells by a Murine CD8+ T-Cell 
Line Specific for Chlamydia Antigens 

A genomic library of Chlamydia trachomatis LGV II was 
constructed by limited digests using BamHI, BglII, BstYi 
and Mbol restriction enzymes. The restriction digest frag 
ments were subsequently ligated into the BamHI site of the 
retroviral vectors pBIB-KS1,2,3. This vector set was modi 
fied to contain a Kosak translation initiation site and Stop 
codons in order to allow expression of proteins from short 
DNA genomic fragments, as shown in FIG. 2. DNA pools of 
80 clones were prepared and transfected into the retroviral 
packaging line Phoenix-Ampho, as described in Pear, W. S., 
Scott, M. L. and Nolan, G. P., Generation of High Titre, 
Helper-free Retroviruses by Transient Transfection. Meth 
ods in Molecular Medicine: Gene Therapy Protocols, 
Humana Press, Totowa, N.J., pp. 41-57. The Chlamydia 
library in retroviral form was then transduced into H2-Ld 
expressing P815 cells, which were then used as target cells 
to Stimulate an antigen Specific T-cell line. 
A Chlamydia-specific, murine H2-Ld restricted CD8+ 

T-cell line was expanded in culture by repeated rounds of 
stimulation with irradiated C. trachomatis-infected J774 
cells and irradiated Syngeneic Spleen cells, as described by 
Starnbach, M., in J. Immunol., 153:5183, 1994. This 
Chlamydia-specific T-cell line was used to Screen the above 
Chlamydia genomic library expressed by the retrovirally 
transduced P815 cells. Positive DNA pools were identified 
by detection of IFN-Y production using Elispot analysis (see 
Lalvani et al., J. Experimental Medicine 186:859-865, 
1997). 
Two positive pools, referred to as 2C7 and 2E10, were 

identified by standard chromium release assays. Stable 
transductants of P815 cells from pool 2C7 were cloned by 
limiting dilution and individual clones were Selected based 
upon their capacity to elicit IFN-Y production from the 
Chlamydia-specific CTL line. From this Screening process, 
four positive clones were selected, referred to as 2C7-8, 
2C7-9, 2C7-19 and 2C7-21. 

Transgenic DNA from these four positive clones was PCR 
amplified using pBIB-KS specific primers to selectively 
amplify the Chlamydia DNA insert Amplified inserts were 
gel purified and Sequenced. One immunoreactive clone, 
2C7-8 (SEQ ID NO: 15, with the predicted amino acid 
sequence provided in SEQ ID NO:32), is a 160 bp fragment 
with homology to nucleotides 597304-597145 of Chlamy 
dia trachomatis, serovar D (NCBI, BLASTN search; SEQ 
ID NO:33, with the predicted amino acid sequence provided 
in SEQ ID NO:34). The sequence of clone 2C7-8 maps 
within two putative open reading frames from the region of 
high homology described immediately above, and in 
particular, one of these putative open reading frames, con 
sisting of a 298 amino acid fragment (SEQ ID NO: 16, with 
the predicted amino acid sequence provided in SEQ ID NO: 
17), was demonstrated to exhibit immunological activity. 
To determine if these two putative open reading frames 

(SEQ ID NO: 16 and 20) encoded a protein with an 
asSociated immunological function, Overlapping peptides 
(17-20 amino acid lengths) spanning the lengths of the two 
open reading frames were Synthesized, as described in 
Example 3. A Standard chromium release assay was utilized 
to determine the per cent Specific lysis of peptide-pulsed 
H2-Ld restricted target cells. In this assay, aliquots of P815 
cells (H2-Ld) were labeled at 37° C. for one hour with 100 
tuCi of Cr in the presence or absence of 1 tug/ml of the 
indicated peptides. Following this incubation, labeled P815 
cells were washed to remove excess Cr and peptide, and 
Subsequently plated in duplicate in microculture plates at a 
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concentration of 1,000 cells/well. Effector CTL (Chlamydia 
specific CD8 T cells) were added at the indicated effector 
:target ratioS. Following a 4 hour incubation, Supernatants 
were harvested and measured by gamma-counter for release 
of Cr into the Supernatant. Two overlapping peptides from 
the 298 amino acid open reading frame did specifically 
stimulate the CTL line. As shown in FIG. 3, peptides 
CtC78-12 (SEQ ID NO: 18) and CtC78-13(SEQ ID NO: 
19) were able to elicit 38 to 52% specific lysis, respectively, 
at an effector to target ratio of 10:1. Notably, the overlap 
between these two peptides contained a predicted Ld bind 
ing peptide. A 10 amino acid peptide was Synthesized to 
correspond to this overlapping sequence (SEQ ID NO: 31) 
and was found to generate a strong immune response from 
the anti-Chlamydia CTL line by elispot assay. Significantly, 
a Search of the most recent Genbank database revealed no 
proteins have previously been described for this gene. 
Therefore, the putative open reading frame encoding clone 
2C7-8 (SEQ ID NO: 15) defines a gene which encompasses 
an antigen from Chlamydia capable of Stimulating antigen 
specific CD8+ T-cells in a MHC-I restricted manner, dem 
onstrating this antigen could be used to develop a vaccine 
against Chlamydia. 

EXAMPLE 5 

Generation of Antibody and CD4+ T-Cell 
Responses in Mice Immunized with Chlamydia 

Antigens 

Immunogenicity Studies were conducted to determine the 
antibody and CD4+ T cell responses in mice immunized 
with either purified SWIB or S13 proteins formulated with 
Montanide adjuvant, or DNA-based immunizations with 
pcDNA-3 expression vectors containing the DNA sequences 
for SWIB or S13. SWIB is also referred to as clone 1-B1-66 
(SEQ ID NO: 1, with the corresponding amino acid 
sequence provided in SEQ ID NO. 5), and S13 ribosomal 
protein is also referred to as clone 10-C10-31 (SEQ ID NO: 
4, with the corresponding amino acid Sequence provided in 
SEQ ID NO: 12). In the first experiment, groups of three 
C57BL/6 mice were immunized twice and monitored for 
antibody and CD4+ T-cell responses. DNA immunizations 
were intradermal at the base of the tail and polypeptide 
immunizations were administered by Subcutaneous route. 
Results from standard H-incorporation assays of Spleen 
cells from immunized mice shows a Strong proliferative 
response from the group immunized with purified recombi 
nant SWIB polypeptide (SEQID NO:5). Further analysis by 
cytokine induction assays, as previously described, demon 
strated that the group immunized with SWIB polypeptide 
produced a measurable IFN-Y and IL-4 response. Subse 
quent ELISA-based assays to determine the predominant 
antibody isotype response in the experimental group immu 
nized with the SWIB polypeptide were performed. FIG. 4 
illustrates the SWIB-immunized group gave a humoral 
response that was predominantly IgG1. 

In a Second experiment, C3H mice were immunized three 
times with 10 ug purified SWIB protein (also referred to as 
clone 1-B1-66, SEQ ID NO: 5) formulated in either PBS or 
Montanide at three week intervals and harvested two weeks 
after the third immunization. Antibody titers directed against 
the SWIB protein were determined by standard ELISA 
based techniques well known in the art, demonstrating the 
SWIB protein formulated with Montanide adjuvant induced 
a strong humoral immune response. T-cell proliferative 
responses were determined by a XTT-based assay (Scudiero, 
et al., Cancer Research, 1988, 48:4827). As shown in FIG. 5, 
splenocytes from mice immunized with the SWIB polypep 
tide plus Montanide elicited an antigen Specific proliferative 
response. In addition, the capacity of Splenocytes from 
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immunized animals to secrete IFN-Y in response to soluble 
recombinant SWIB polypeptide was determined using the 
cytokine induction assay previously described. The Spleno 
cytes from all animals in the group immunized with SWIB 
polypeptide formulated with montanide adjuvant Secreted 
IFN-Y in response to exposure to the SWIB Chlamydia 
antigen, demonstrating an Chlamydia-specific immune 
response. 

In a further experiment, C3H mice were immunized at 
three separate time points at the base of the tail with 10 ug 
of purified SWIB or S13 protein (C. trachomatis, SWIB 
protein, clone 1-B1-66, SEQ ID-NO: 5, and S13 protein, 
clone 10-C10-31, SEQ ID NO: 4) formulated with the 
SBAS2 adjuvant (SmithKline Beecham, London, England). 
Antigen-Specific antibody titers were measured by ELISA, 
showing both polypeptides induced a strong IgG response, 
ranging in titers from 1x10" to 1x10. The IgG1 and IgG2a 
components of this response were present in fairly equal 
amounts. Antigen-Specific T-cell proliferative responses, 
determined by standard H-incorporation assays on spleen 
cells isolated from immunized mice, were quite Strong for 
SWIB (50,000 cpm above the negative control) and even 
stronger for S13 (100,000 cpm above the negative control). 
The IFNY production was assayed by standard ELISA tech 
niques from Supernatant from the proliferating culture. In 
vitro restimulation of the culture with S13 protein induced 
high levels of IFNY production, approximately 25 ng/ml 
Versus 2 ng/ml for the negative control. Restimulation with 
the SWIB protein also induced IFNY, although to a lesser 
eXtent. 

In a related experiment, C3H mice were immunized at 
three separate time points with 10 ug of purified SWIB or 
S13 protein (C. trachomatis, SWIB protein, clone 1-B1-66, 
SEQ ID NO: 5, and S13 protein, clone 10-C10-31, SEQ ID 
NO: 4) mixed with 10 ug of Cholera Toxin. Mucosal 
immunization was through intranasal inoculation. Antigen 
Specific antibody responses were determined by Standard 
ELISA techniques. Antigen-Specific IgG antibodies were 
present in the blood of SWIB-immunized mice, with titers 
ranging from 1x10 to 1x10", but non-detectable in the 
S13-immunized animals. Antigen-specific T-cell responses 
from isolated Splenocytes, as measured by IFNY production, 
gave Similar results to those described immediately above 
for Systemic immunization. 
A protection Study was conducted in mice to determine 

whether DNA-based immunization with SWIB can influ 
ence genital tract disease resulting from chlamydial elemen 
tary bodies inoculation. Two models were utilized; a model 
of intravaginal inoculation that uses a human isolate con 
taining a Strain of Chlamydia pSittaci, and a model of 
intrauterine inoculation that involves a human isolate iden 
tified as Chlamydia trachomatis, serovar F. Both strains 
induce inflammation in the upper genital tract, which 
resemble endometritis and Salpingitis caused by Chlamydia 
trachomatis. C3H mice were immunized at three time points 
at the base of the tail with 100 lug of pcDNA-3 expression 
vector containing SWIB DNA (C. trachomatis, as described 
above). Two weeks post the third immunization, animals 
were treated with progesterone and infected, either through 
intravaginal or intrauterine inoculation. Two weeks post 
infection, mice were Sacrificed and genital tracts Sectioned, 
Stained and examined for histopathology. In the intrauterine 
inoculation model, mock-immunized animals receiving 
empty vector showed consistent inflammation with an 
ovary/oviduct mean inflammation Score of 6.12, Versus 2.62 
for the DNA-immunized group. In the model of vaginal 
inoculation and ascending infection, mock-immunized mice 
had an ovary/oviduct mean inflammation score of 8.37 
versus 5 for the DNA-immunized group. Additionally, in a 
later model, Vaccinated mice showed no signs of tubal 
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occlusion while negative control mice had inflammatory 
cells in the lumen of the oviduct. 

EXAMPLE 6 

Expression and Characterization of Chlamydia 
Pneumoniae Genes 

The human T-cell line, TCL-8, described in Example 1, 
recognizes Chlamydia trachomatis as well as Chlamydia 
pneumonia infected monocyte-derived dendritic cells, Sug 
gesting Chlamydia trachomatis and pneumonia may encode 
croSS-reactive T-cell epitopes. To isolate the Chlamydia 
pneumonia genes homologous to Chlamydia trachomatis 
LGV II clones 1B1-66, also referred to as SWIB (SEQ ID 
NO: 1) and clone 10C10-31, also referred to as S13 ribo 
somal protein (SEQ ID NO: 4), HeLa 229 cells were 
infected with C. pneumonia strain TWAR (CDC/CWL-029). 
After three days incubation, the C. pneumonia-infected 
HeLa cells were harvested, washed and resuspended in 200 
lil water and heated in a boiling water bath for 20 minutes. 
Ten microliters of the disrupted cell Suspension was used as 
the PCR template. 

C. pneumonia Specific primers were designed for clones 
1B1-66 and 10C 10-31 Such that the 5' end had a 
6X-Histidine tag and a Nde I site inserted, and the 3" end had 
a stop codon and a BamHI site included (FIG. 6). The PCR 
products were amplified and Sequenced by Standard tech 
niques well known in the art. The C. pneumonia-specific 
PCR products were cloned into expression vector peT17B 
(Novagen, Madison, Wis.) and transfected into E. coli BL21 
pI ySS for expression and Subsequent purification utilizing 
the histidine-nickel chromatographic methodology provided 
by Novagen. Two proteins from C. pneumonia were thus 
generated, a 10–11 kDa protein referred to as CpSWIB (SEQ 
ID NO: 27, and SEQID NO: 78 having a 6xHis tag, with the 
corresponding amino acid Sequence provided in SEQ ID 
NO: 28, respectively), a 15 kDa protein referred to as CpS13 
(SEQ ID NO: 29, and SEQID NO: 77, having a 6X His tag, 
with the corresponding amino acid Sequence provided in 
SEQ ID NO: 30 and 91, respectively). A human anti 
chlamydia T-cell line (TCL-8) capable of cross-reacting to 
C. trachomatis and C. pneumonia was used to determine 
whether the expressed proteins. possessed T-cell epitopes 
common to both C. trachomatis and C. pneumonia. Briefly, 
E. coli expressing chlamydial proteins were titered on 1x10" 
monocyte-derived dendritic cells. After two hours, the den 
dritic cells cultures were washed and 2.5x10' T cells (TCL 
8) added and allowed to incubate for an additional 72 hours. 
The amount of INF-Y in the culture Supernatant was then 
determined by ELISA. As shown in FIGS. 7A and 7B, the 
TCL-8T-cell line specifically recognized the S13 ribosomal 
protein from both C. trachomatis and C. pneumonia as 
demonstrated by the antigen-specific induction of IFN-y, 
whereas only the SWIB protein from C. trachomatis was 
recognized by the T-cell line. To validate these results, the T 
cell epitope of C. trachomatis SWIB was identified by 
epitope mapping using target cells pulsed with a Series of 
overlapping peptides and the T-cell line TCL-8. 
3H-thymidine incorporation assays demonstrated that the 
peptide, referred to as C.t.SWIB 52–67, of SEQ ID NO:39 
gave the strongest proliferation of the TCL-8 line. The 
homologous peptides corresponding to the SWIB of C. 
pneumoniae sequence (SEQID NO: 40), the topoisomerase 
SWIB fusion of C. pneumoniae (SEQ ID NO: 43) and C. 
trachomatis (SEQ ID NO: 42) as well as the human SWI 
domain (SEQ ID NO: 41) were synthesized and tested in the 
above assay. The T-cell line TCL-8 only recognized the C. 
trachomatis peptide of SEQ ID NO:39 and not the corre 
sponding C. pneumoniae peptide (SEQ ID NO: 40), or the 
other corresponding peptides described above (SEQ ID NO; 
41-43). 
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EXAMPLE 7 

Induction of T Cell Proliferation and Interferon-y 
Production by Chlamydia Pneumoniae Antigens 

The ability of recombinant Chlamydia pneumoniae anti 
gens to induce T cell proliferation and interferon-Y produc 
tion is determined as follows. 

Proteins are induced by IPTG and purified by Ni-NTA 
agarose affinity chromatograph (Webb et al., J. Immunology 
157:5034–5041, 1996). The purified polypeptides are then 
screened for the ability to induce T-cell proliferation in 
PBMC preparations. PBMCs from C. pneumoniae patients 
as well as from normal donors whose T-cells are known to 
proliferate in response to Chlamydia antigens, are cultured 
in medium comprising RPMI 1640 Supplemented with 10% 
pooled human Serum and 50 lug/ml gentamicin. Purified 
polypeptides are added in duplicate at concentrations of 0.5 
to 10 ug/mL. After six days of culture in 96-well round 
bottom plates in a volume of 200 ul, 50 ul of medium is 
removed from each well for determination of IFN-Y levels, 
as described below. The plates are then pulsed with 1 
luCi/well of tritiated thymidine for a further 18 hours, 
harvested and tritium uptake determined using a gas Scin 
tillation counter. Fractions that result in proliferation in both 
replicates three fold greater than the proliferation observed 
in cells cultured in medium alone are considered positive. 

IFN-Y was measured using an enzyme-linked immunosor 
bent assay (ELISA). ELISA plates are coated with a mouse 
monoclonal antibody directed to human IFN-y 
(PharMingen, San Diego, Calif.) in PBS for four hours at 
room temperature. Wells are then blocked with PBS con 
taining 5% (W/V) non-fat dried milk for 1 hour at room 
temperature. The plates are washed six times in PBS/0.2% 
TWEEN-20 and samples diluted 1:2 in culture medium in 
the ELISA plates are incubated overnight at room tempera 
ture. The plates are again washed and a polyclonal rabbit 
anti-human IFN-y serum diluted 1:3000 in PBS/10% normal 
goat Serum is added to each well. The plates are then 
incubated for two hours at room temperature, washed and 
horseradish peroxidase-coupled anti-rabbit IgG (Sigma 
Chemical So., St. Louis, Mo.) is added at a 1:2000 dilution 
in PBS/5% non-fat dried milk. After a further two hour 
incubation at room temperature, the plates are washed and 
TMB substrate added. The reaction is stopped after 20 min 
with 1 N Sulfuric acid. Optical density is determined at 450 
nm using 570 nm as a reference wavelength. Fractions that 
result in both replicates giving an OD two fold greater than 
the mean OD from cells cultured in medium alone, plus 3 
Standard deviations, are considered positive. 

Chlamydia-specific T cell lines were generated from 
donor CP-21 with a positive Serum titer against C. pnuemo 
niae by stimulating donor PBMC with either C. trachomatis 
or C. pneumoniae-infected monocyte-derived dendritic 
cells, respectively. T-cells generated against C. pneumoniae 
responded to recombinant C. pneumoniae-SWIB but not C. 
trachomatis-SWIB, whereas the T-cell line generated 
against C. trachomatis did not respond to either C. 
trachomatis- or C. pneumoniae-SWIB (see FIG. 59). The C. 
pneumoniae-SWIB specific immune response of donor 
CP-21 confirms the C. pneumoniae infection and indicates 
the elicitation of C. pneumoniae-SWIB specific T-cells 
during in Vivo C. pneumoniae infection. Epitope mapping of 
the T-cell response to C. pneumoniae-SWIB has shown that 
Cp-SWIB-specific T-cells responded to the overlapping pep 
tides Cp-SWIB 32–51 (SEQ ID NO: 101) and Cp-SWIB 
37-56 (SEQ ID NO: 102), indicating a C. pneumoniae 
SWIB-specific T-cellepitope Cp-SWIB37–51 (SEQID NO: 
100). 

In additional experiments, T-cell lines were generated 
from donor CP1, also a C. pneumoniae Seropositive donor, 
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by stimulating PBMC with non-infectious elementary bod 
ies from C. trachomatis and C. pneumoniae, respectively. In 
particular, proliferative responses were determined by 
stimulating 2.5x10' T-cells in the presence of 1x10' 
monocyte-derived dendritic cells and non-infectious 
elementary bodies derived from C. trachomatis and C. 
pneumoniae, or either recombinant C. trachomatis or C. 
pneumoniae SWIB protein. The T-cell response against 
SWIB resembled the data obtained with T-cell lines from 
CP-21 in that C. pneumoniae-SWIB, but not C. trachomatis 
SWIB elicited a response by the C. pneumoniae T-cell line. 
In addition, the C. trachomatis T-cell line did not proliferate 
in response to either C. trachomatis or C. pneumoniae 
SWIB, though it did proliferate in response to both CT and 
CP elementary bodies. 

EXAMPLE 8 

Immune Responses of Normal Studu Subjects 
Against Chlamydia Antigens 

The examples provided herein Suggest that there is a 
population of healthy donors among the general population 
that has been infected with C. trachomatis and generated a 
protective immune response controlling the C. trachomatis 
infection. These donors remained clinically asymptomatic 
and Seronegative for C. trachomatis. To characterize the 
immune reponses of normal donors against chlamydial 
antigens identified by CD4 expression cloning, PBMC 
obtained from 12 health donors were tested against a panel 
of recombinant chlamydial antigens including C. 
trachomatis-, C. pneumoniae-SWIB and C. trachomatis-, C. 
pneumoniae-S13. The data are summarized in Table I below. 
All donors were Seronegative for C. trachomatis, whereas 
6/12 had a positive C. pneumoniae titer. Using a stimulation 
index of >4 as a positive response, 11/12 of the Subjects 
responded to C. trachomatis elementary bodies and 12/12 
responded to C. pneumoniae elementary bodies. One donor, 
AD104, responded to recombinant C. pneumoniae-S13 
protein, but not to recombinant C. trachomatis-S13 protein, 
indicating a C. pneumoniae-specific response. Three out of 
12 donors had a C. trachomatis-SWIB, but not a C. 
pneumoniae-SWIB Specific response, confirming a C. tra 
chomatis infection. C. trachomatis and C. pneumoniae-S13. 
elicited a response in 8/12 donors Suggesting a chlamydial 
infection. These data demonstrate the ability of SWIB and 
S13 to elicit a T-cell response in PBMC of normal study 
Subjects. 

TABLE I 

Immune response of normal study Subjects against Chlamydia 

Chlamydia CT CP CT CP CT CP 
Donor Sex IgG titer EB EB Swib Swib S13 S13 

AD100 male negative --- ------ -- ---- ---- 

AD104 female negative ------ ---- ---- 
AD108 male CP 1:256 ---- ---- -- +f- -- -- 

AD112 female negative ---- ---- -- -- 
AD120 male negative -- 
AD124 female CP 1:128 ---- ---- 
AD128 male CP 1512 -- ---- ---- -- 

AD132 female negative ---- ---- -- -- 
AD136 female CP 1:128 -- ---- +f- 
AD140 male CP 1:256 ---- ---- -- -- 
AD142 female CP 1:51.2 ---- ---- -- -- 

AD146 female negative ---- ---- ---- -- 

Proliferative responses were determined by Stimulating 
3x10 PBMC with 1x10" monocyte-derived dendritic cells 
pre-incubated with the respective recombinant antigens or 
elementary bodies (EB). Assays were harvested after 6 days 
with a H-thymidine pulse for the last 18 h. 
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SI: Stimulation Index 

+: SI4 
++: SI 10-30 
+++: SI>30 

In a first Series of experiments, T-cell lines were generated 
from a healthy female individual (CT-10) with a history of 
genital exposure to C. trachomatis by Stimulating T-cells 
with C. trachomatis LGV II elementary bodies as previously 
described. Although the Study Subject was exposed to C. 
trachomatis, she did not Seroconvert and did not develop 
clinical Symptoms, Suggesting donor CT-10 may have devel 
oped a protective immune response against C. trachomatis. 
As shown in FIG. 10, a primary Chlamydia-specific T-cell 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 109 

<210> SEQ ID NO 1 
<211& LENGTH: 481 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 1 

36 
line derived from donor CT-10 responded to C. trachomatis 
SWIB, but not C. pneumoniae-SWIB recombinant proteins, 
confirming the exposure of CT-10 to C. trachomatis. Epitope 
mapping of the T-cell response to C. trachomatis-SWIB 
showed that this donor responded to the same epitope 
Ct-SWIB 52–67 (SEQ ID NO:39) as T-cell line TCL-8, as 
shown in FIG. 11. 

Although the present invention has been described in 
Some detail by way of illustration and example for purposes 
of clarity of understanding, changes and modifications can 
be carried out without departing from the Scope of the 
invention which is intended to be limited only by the scope 
of the appended claims. 

ctgaag actt ggctatottt tittattittga cqataaacct agittaaggca taaaag agtt 60 

gcqaaggaag agcc.citcaac ttittctitatic accittctitta actaggagtic atccatgagt 120 

caaaataaga actotgctitt catgcagoct gtgaacgitat cogctgattt agctgc catc 18O 

gttggtgcag gaccitatgcc to go acagag at cattalaga aaatgtggga ttacattaag 240 

gagaatagtic ttcaagatcc tacaaacaaa cqtaatatoa atcc.cgatga taaattggct 3OO 

aaagtttittg galactgaaaa accitatc gat atgttccaaa to acaaaaat ggtttctoaa 360 

cacat catta aataaaatag aaattgactic acgtgttcct cqtctittaag at gaggaact 420 

agttcattct ttttgttcgt ttttgttgggit attact.gitat ctittaacaac tatcttagca 480 

g 481 

<210> SEQ ID NO 2 
&2 11s LENGTH 183 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 2 

atcgttggtg caggaccitat gccitc.gcaca gagatcatta agaaaatgtg ggattacatt 60 

aaggagaata gtc.ttcaaga toctacaaac aaacgtaata totaatc.ccga toataaattg 120 

gctaaagttt ttggaactga aaaaccitat c gatatgttcc aaatgacaaa aatggitttct 18O 

Cala 183 

<210> SEQ ID NO 3 
<211& LENGTH: 110 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 3 

gctg.cgacat catgc gagct togcaaac caa catggacatc. tccaattitcc ccttctaact 60 

cgctotttgg alactaatgct gctaccgagt caat cacaat cacatc gacc 110 

<210> SEQ ID NO 4 
&2 11s LENGTH 555 



&212> TYPE DNA 
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<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 4 

cggcacgagc ctaagatgct tatac tactt 

ttggaataga 

tagg gC Cagc 

citgcagagtt 

ttgttgaagg 

atgcttatcg 

caaattictog 

ttittaggaga 

aagtaaaaaa 

talaccataac 

tattoctocq aaaaagaaat 

totttctaaa gagattattg 

gactgaggaa gaggttggto: 

ggatttgcgc cqtcgtgtgc 

tggacaaaga catagactitt 

cacgc.gtaag g gtaaacgta 

gagtgttittg gttaaaaatc 

cattcc titcg ggc gttgtcc 

agacc 

<210 SEQ ID NO 5 
&2 11s LENGTH: 86 
&212> TYPE 
<213> ORGAN 

PRT 
ISM 

<400 SEQUENCE: 

Met Ser Glin 
1 

Ala Asp Lieu 

Ile Ile Lys 
35 

Pro Thr Asn 
50 

Phe Gly. Thr 
65 

Ser Glin His 

Asn 

Ala 
20 

Lys 

Glu 

Ile 

5 

Lys 
5 

Ala 

Met 

Arg 

Ile 
85 

<210> SEQ ID NO 6 
&2 11s LENGTH: 61 
&212> TYPE PRT 

Asn Ser Ala 

Ile Val Gly 

Trp Asp Tyr 
40 

Asn. Ile Asn 
55 

Pro Ile Asp 
70 

taagg gaggc 

taaaaataag 

citagattgca 

gactaaacgc 

aatctgatat 

citttgcctgt 

aaactattgc 

aag.cgcaaaa 

atgttaaggc 

Chlamydia trachomatis 

Phe Met Glin 
10 

Ala Gly Pro 
25 

Ile Lys Glu 

Pro Asp Asp 

Met Phe Glin 
75 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 

Ile Val Gly 
1 

Trp Asp Tyr 

Asn. Ile Asn 
35 

Pro Ile Asp 
50 

Ala 

Ile 

Pro 

Met 

6 

Gly 
5 

Lys 

Asp 

Phe 

<210 SEQ ID NO 7 
&2 11s LENGTH 36 
&212> TYPE PRT 

Pro Met Pro 

Glu Asn. Ser 

Asp Lys Lieu 
40 

Gln Met Thr 
55 

Arg Thr Glu 
10 

Leu Glin Asp 
25 

Ala Lys Wall 

Lys Met Val 

<213> ORGANISM: Chlamyida trachomatis 

<400 SEQUENCE: 7 

US 6,555,115 B1 

-contin 

cctitcgitatg 

tottacatat 

gttgaatc.cc 

tottttacag 

caaacgtctg 

togtggtoag 

aggtaagaag 

alagaggcgta 

tacttittaat 

Pro Wall Asn 

Met Pro Arg 
30 

Asn. Ser Telu 
45 

Lys Lieu Ala 
60 

Met Thr Lys 

Ile Ile Lys 

Pro Thr Asn 
30 

Phe Gly. Thr 
45 

Ser Glin 
60 

ued 

cc.gc.gcatca 

atttatggaa 

gaagctagag 

toggattacg 

attactatoc 

agaacaaaaa 

aaataataat 

aaaagaaaac 

aatacaattg 

Wal Ser 
15 

Thr Glu 

Glin Asp 

Lys Wall 

Met Wall 
8O 

Lys Met 
15 

Lys Arg 

Glu Lys 

60 

120 

18O 

240 

360 

420 

480 

540 

555 

38 
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39 

-continued 

Ala Ala Thir Ser Cys Glu Lieu Ala Asn Gln His Gly. His Leu Glin Phe 
1 5 10 15 

Pro Leu Lieu. Thir Arg Ser Leu Glu Lieu Met Leu Lleu Pro Ser Glin Ser 
2O 25 30 

Glin Ser His Arg 
35 

<210 SEQ ID NO 8 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 8 

Leu Arg His His Ala Ser Leu Glin Thr Asn Met Asp Ile Ser Asn. Phe 
1 5 10 15 

Pro Phe 

<210 SEQ ID NO 9 
&2 11s LENGTH 5 
&212> TYPE PRT 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 9 

Leu Ala Leu Trp Asn 
1 5 

<210> SEQ ID NO 10 
<211& LENGTH: 11 
&212> TYPE PRT 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 10 

Cys Cys Tyr Arg Val Asn His Asn His Ile Asp 
1 5 10 

<210> SEQ ID NO 11 
&2 11s LENGTH 36 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 11 

Val Asp Val Ile Val Ile Asp Ser Val Ala Ala Leu Val Pro Llys Ser 
1 5 10 15 

Glu Lieu Glu Gly Glu Ile Gly Asp Wal His Val Gly Lieu Glin Ala Arg 
2O 25 30 

Met Met Ser Glin 
35 

<210> SEQ ID NO 12 
<211& LENGTH 122 
&212> TYPE PRT 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 12 

Met Pro Arg Ile Ile Gly Ile Asp Ile Pro Ala Lys Lys Lys Lieu Lys 
1 5 10 15 

Ile Ser Leu Thr Tyr Ile Tyr Gly Ile Gly Pro Ala Leu Ser Lys Glu 
2O 25 30 

Ile Ile Ala Arg Lieu Glin Lieu. Asn Pro Glu Ala Arg Ala Ala Glu Lieu 
35 40 45 

Thr Glu Glu Glu Val Gly Arg Lieu. Asn Ala Lieu Lleu Glin Ser Asp Tyr 

40 
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41 

-continued 

50 55 60 

Val Val Glu Gly Asp Lieu Arg Arg Arg Val Glin Ser Asp Ile Lys Arg 
65 70 75 8O 

Lieu. Ile Thir Ile His Ala Tyr Arg Gly Glin Arg His Arg Lieu Ser Lieu 
85 90 95 

Pro Val Arg Gly Glin Arg Thr Lys Thr Asn. Ser Arg Thr Arg Lys Gly 
100 105 110 

Lys Arg Lys Thir Ile Ala Gly Lys Lys Lys 
115 120 

<210> SEQ ID NO 13 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 13 

Asp Pro Thr Asn Lys Arg Asn. Ile Asn Pro Asp Asp Lys Lieu Ala Lys 
1 5 10 15 

Val Phe Gly. Thr 
2O 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 14 

Asp Asp Llys Lieu Ala Lys Val Phe Gly Thr Glu Lys Pro Ile Asp Met 
1. 5 10 15 

Phe Glin Me Thr 
2O 

<210 SEQ ID NO 15 
<211& LENGTH 161 
&212> TYPE DNA 
<213> ORGANISM: Chlymidia trachomatis 

<400 SEQUENCE: 15 

atctttgttgt gtc.tcataag cqcagagcgg ctg.cggctgt citgtagctitc atcggaggaa 60 

ttacctacct c gC gacattc ggagctatoc gttc.cgattot gtttgtcaac aaaatgctgg 120 

cgcaa.ccgtt totttctitcc caaactaaag caaatatggg a 161 

<210> SEQ ID NO 16 
&2 11s LENGTH 897 
&212> TYPE DNA 
<213> ORGANISM: Chlymidia trachomatis 

<400 SEQUENCE: 16 

atggcttcta tatgcggacg tittagggtct g g tacaggga atgctictaaa agcttitttitt 60 

acacagcc.ca acaataaaat ggcaagggta gtaaataaga cqaagggaat ggataag act 120 

attalaggttg ccaagttctgc tigc.cgaattg accgcaaata ttittggalaca agctggaggc 18O 

gcqggctott cog cacacat tacagctitcc caagtgtcca aaggattagg g gatgc.gaga 240 

actgttgtcg ctittagg gaa tocctittaac ggagc gttgc caggaac agt toaaagtgcg 3OO 

caaagcttct tctic to acat gaaagctgct agt cagaaaa cqcaagaag g g gatgagggg 360 

citcacagoag atctttgttgt gtc.tcatalag cqcagag cqg citgcggctgt ctotago atc 420 

atcggaggaa ttacctacct c gciga cattc ggagctatoc gtc.cgattot gtttgttcaac 480 

42 



aaaatgctgg 

agctatatta 

gcggaaagag 

galagtgc.cgg 

ttcacgc.gca 

gacgttittca 

ggatgtacgt. 

43 

caaaaccqtt totttctitcc 

tgg.cggctaa ccatgcagcg 

cagattgcga agc.ccgctgc 

gagaggaaaa tacttgcgag 

tdaagtatgc acticcitcact 

aattggtgcc gct gcctatt 

toacttctg.c aattattgga 

<210 SEQ ID NO 17 
&2 11s LENGTH 
&212> TYPE PRT 

298 

caaactaaag 

totgtggtgg 

gctcqtattg 

aagaaagttcg 

atgcticgaga 

acaatgggta 

ttgttgcactt 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 

Met Ala Ser 
1 

Lys Ala Phe 

Lys. Thir Lys 
35 

Glu Lieu. Thr 
50 

Ala His Ile 
65 

Thir Wal Wall 

Wall Glin Ser 

Lys Thr Glin 
115 

His Lys Arg 
130 

Thr Tyr Leu 
145 

Lys Met Lieu 

Gly Ser Ser 

Val Gly Ala 
195 

Arg Cys Ala 
210 

Glu Glu Asn 
225 

Phe Thr Arg 

Glu Cys Val 

Gly Ile Arg 
275 

Ile Gly Lieu 
29 O 

Ile 

Phe 

Gly 

Ala 

Thr 

Ala 

Ala 
100 

Glu 

Arg 

Ala 

Ala 

Wall 
18O 

Gly 

Arg 

Ala 

Ile 

Ala 
260 

Ala 

17 

Cys 
5 

Thr 

Met 

Asn 

Ala 

Teu 
85 

Glin 

Gly 

Ala 

Thr 

Lys 
1.65 

Ser 

Teu 

Ile 

Lys 
245 

Asp 

Ile 

Thr 

Gly Arg Lieu 

Gln Pro Asn 

Asp Lys Thr 
40 

Ile Leu Glu 
55 

Ser Glin Wall 
70 

Gly Asn Ala 

Ser Phe Phe 

Asp Glu Gly 
120 

Ala Ala Ala 
135 

Phe Gly Ala 
15 O 

Pro Phe Leu 

Tyr Ile Met 

Ala Ile Ser 
200 

Ala Arg Glu 
215 

Glu Lys Lys 
230 

Tyr Ala Lieu 

Val Phe Lys 

Wall Ala Ala 
280 

Phe Cys Ala 
295 

Gly Ser Gly 
10 

Asn Lys Met 
25 

Ile Llys Val 

Glin Ala Gly 

Ser Lys Gly 
75 

Phe Asin Gly 
90 

Ser His Met 
105 

Leu. Thir Ala 

Val Cys Ser 

Ile Arg Pro 
155 

Ser Ser Glin 
170 

Ala Ala Asn 
185 

Ala Glu Arg 

Glu Ser Lieu 

Val Ala Gly 
235 

Leu. Thr Met 
250 

Leu Wall Pro 
265 

Gly Cys Thr 

Arg Ala 

US 6,555, 

-contin 

caaatatggg 

gtgctgg act 

C gagaga aga 

Ctggagagaa 

agtttittgga 

titcgtgc gat 

totg.cgc.ca.g 

Thr Gly Asn 

Ala Arg Val 
30 

Ala Lys Ser 
45 

Gly Ala Gly 
60 

Leu Gly Asp 

Ala Leu Pro 

Lys Ala Ala 
110 

Asp Lieu. Cys 
125 

Ile Ile Gly 
1 4 0 

Ile Leu Phe 

Thr Lys Ala 

His Ala Ala 
190 

Ala Asp (Cys 
2O5 

Leu Glu Wall 
220 

Glu Lys Ala 

Leu Glu Lys 

Leu Pro Ile 
27 O 

Phe Thr Ser 
285 

115 B1 

ued 

atcttctgtt 

cgctato agt 

gtogttactic 

agccaagacg 

atgcgttgcc 

tgtggctgct 

agcataa 

Ala Leu 
15 

Wall Asn 

Ala Ala 

Ser Ser 

Ala Arg 
8O 

Gly Thr 
95 

Ser Glin 

Wal Ser 

Gly Ile 

Wall Asn 
160 

Asn Met 
175 

Ser Wall 

Glu Ala 

Pro Gly 

Lys Thr 
240 

Phe Leu 
255 

Thr Met 

Ala Ile 

540 

600 

660 

720 

840 

897 

44 



<400 SEQUENCE: 

SEQ ID NO 18 
LENGTH 18 
TYPE 

ORGANISM: Chlamydia trachomatis 

18 

45 
US 6,555,115 B1 

-continued 

Arg Ala Ala Ala Ala Ala Ala Val Cys Ser Phe Ile Gly Gly Ile Thr 
1 5 

Tyr Lieu 

<210 SEQ ID NO 19 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> 

<400 SEQUENCE: 19 

10 

ORGANISM: Chlamydia trachomatis 

15 

Cys Ser Phe Ile Gly Gly Ile Thr Tyr Leu Ala Thr Phe Gly Ala Ile 
1 

Arg 

<400 

Pro 

PRT 

SEQUENCE: 

Met Arg Gly Ser 
1 

Teu 

Ser 

Arg 

Ile 
65 

Teu 

Arg 

Arg 

Met 

Phe 
145 

Trp 

Ser 

Wall 

Teu 

Arg 

Glu 

Phe 
50 

Telu 

Ser 

Glu 

Arg 

His 
130 

Ser 

Telu 

Ala 

Ser 

Ile 
210 

Telu 

Telu 
35 

Phe 

Trp 

Wall 

Lys 

Lys 
115 

Ser 

Asn 

Telu 

Pro 

Lys 
195 

Wall 

Ser 

Ser 

Telu 

Arg 

Arg 

Ser 
100 

Ser 

Ser 

Trp 

Asp 

Glu 
18O 

<210> SEQ ID NO 

5 

SEQ ID NO 20 
LENGTH 21 
TYPE 
ORGANISM 

6 

10 

Chlamydia trachomatis 

20 

Glin 
5 

Wall 

Wall 

Pro 

Teu 

Lys 
85 

Arg 

Teu 

Teu 

Wall 
1.65 

His 

Ile 

21 

Glin 

Ala 

Arg 

Thr 
70 

Glu 

Arg 
15 O 

Arg 

Glin 

Wall 

Ile 

Ser 

Phe 

Teu 
55 

Met 

Glin 

Ser 

Ser 
135 

Cys 

Ser 

Gly 

Pro 

Phe 
215 

Phe 

Ser 

Cys 
40 

Glin 

Ile 

Lys 
120 

Arg 

Telu 

Telu 

Phe 

Phe 
200 

Telu 

Wall 

Glu 
25 

Telu 

Glin 

Arg 

Ala 

Cys 
105 

Pro 

Ser 

Telu 

Telu 

Phe 
185 

Telu 

Cys 
10 

Glu 

Ser 

Ile 

Telu 

Lys 
90 

Arg 

Arg 

Phe 

Glin 

Glin 
170 

Ser 

Teu 

Teu 

Thr 

Trp 

Trp 
75 

Pro 

Glu 

Arg 

Trp 

Trp 
155 

Teu 

Phe 

Thr 

Ile 

Pro 

Asp 
60 

Trp 

Ala 

Arg 

Ser 

Asn 
1 4 0 

Wall 

Teu 

Teu 

Ser 

Thr 

Cys 
45 

Teu 

Wall 

Ala 

Lys 

Arg 
125 

Ala 

Phe 

Asp 

Lys 

Cys 
2O5 

Ala 

Ser 
30 

Trp 

Teu 

Teu 

Teu 

Met 
110 

Ala 

Teu 

Wall 

Tys 
190 

Teu 

15 

Glu 
15 

Arg 

Glin 

Telu 

Asp 

Wall 
95 

Telu 

Ser 

Pro 

Arg 

Ala 
175 

Lys 

Ala 

Arg 

His 

Asn 

Ala 

Ser 

Telu 

Ala 

Ser 

Thr 

Telu 
160 

Telu 

Ala 

Phe 

46 





<400 

49 

SEQ ID NO 23 
LENGTH 270 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 23 

acatctocitt cittc.gcttac tttittctgaa aaatttgata 

cacttgcgag gaggaggg.cg totggaagac cagttgaatt 

tittgattctt toc gagaatt atcc.gctaag cittggittacg 

gatttctt.ca acgaggagta cqacgacgaa gaa gaggaaa 

aaacgtggac gtaagaagag cc.gttcataa 

<400 

SEQ ID NO 24 
LENGTH 363 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 24 

ttacttctot aaaatccaaa tagttgctgt gccaaaaagt 

gcqtaaatgc gctgcatgaa agattgctitc gaga.gc.ggca 

actittcttitc agatac gaat aag catagct gttcc cagaa 

aacaacaaga tittagataga gcttgttgtag caggtaaact 

tgttagttct agaataccca agtgtc.citcc aggttgtaat 

agccitctaat ggataggata agttc.cgitaa to cataggcc 

att 

<400 

SEQ ID NO 25 
LENGTH 696 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 25 

gctcgtgc.cg gcacgagcaa agaaatcc ct caaaaaatgg 

atcggttgcg aattcgctitc cittattocat acgittaggct 

gcaagctotc aaatccttgc tittgaataat coagatattt 

ttcaccc.gac aaggacitc.cg titt.cgtacta gaa.gc.citctg 

ggagat.cgcg titcggittaac tat caatggg aatgtc.gaag 

totataggac goc gtttgaa tacagaaaat attggcttgg 

gatgaacg.cg gag to atc.cc taccgatgcc acaatgcgca 

gctattggag atato acagg aaaatggcaa cittgcc catg 

attgcago ac ggaatatagg togccatalaa gaggaaatcg 

gtgatctitta cottcc ctga agtc.gcttca gtaggccitct 

catctoctitc titc.gcttact ttittctgaaa aatttgatac 

acttgc gagg aggaggg.cgt. Ctggalaga CC agttga 

<400 

SEQ ID NO 26 
LENGTH 231 
TYPE PRT 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 26 

US 6,555,115 B1 

-continued 

cagaagaaga 

tagctaagtt 

atago gatgg 

toaaaccgaa 

agtttgc gtt 

togcgtggga 

taaaaacggc 

gggittatatg 

acticgataca 

atagaagcta 

ccattattgg 

cc.gaagtttc 

caaaaac cat 

taitcaaatat 

aatacgatta 

ataaagctogg 

caaacg.tacc 

tagcttctoa 

attacitctg.c 

ccc.caa.ca.gc 

agaagaagaa 

attccitc.gca 

ttctgagcgt. 

agagactggg 

gaaaactacg 

to cqgatagg 

gatcc.cggat 

Cgacgctagg 

ttgctggg.cg 

cittccctaag 

aac gaaacgt. 

Cggtggtgtg 

tgtgatcgaa 

gttcgataaa 

tgaggatata 

cgttctogta 

tgttatttgt 

talacattitat 

tdaaggaatc 

tgtcc ctitct 

agctdaacaa 

titcctc.gcac 

60 

120 

18O 

240 

27 O 

60 

120 

18O 

240 

360 

363 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

696 

SO 



US 6,555,115 B1 
S1 

-continued 

Ala Arg Ala Gly Thr Ser Lys Glu Ile Pro Glin Lys Met Ala Ile Ile 
1 5 10 15 

Gly Gly Gly Val Ile Gly Cys Glu Phe Ala Ser Leu Phe His Thr Leu 
2O 25 30 

Gly Ser Glu Val Ser Val Ile Glu Ala Ser Ser Glin Ile Leu Ala Leu 
35 40 45 

Asn Asn Pro Asp Ile Ser Lys Thr Met Phe Asp Llys Phe Thr Arg Glin 
50 55 60 

Gly Lieu Arg Phe Val Lieu Glu Ala Ser Val Ser Asn. Ile Glu Asp Ile 
65 70 75 8O 

Gly Asp Arg Val Arg Lieu. Thir Ile Asn Gly Asn Val Glu Glu Tyr Asp 
85 90 95 

Tyr Val Lieu Val Ser Ile Gly Arg Arg Lieu. Asn. Thr Glu Asn. Ile Gly 
100 105 110 

Leu Asp Lys Ala Gly Val Ile Cys Asp Glu Arg Gly Val Ile Pro Thr 
115 120 125 

Asp Ala Thr Met Arg Thr Asn Val Pro Asn. Ile Tyr Ala Ile Gly Asp 
130 135 1 4 0 

Ile Thr Gly Lys Trp Glin Leu Ala His Val Ala Ser His Glin Gly Ile 
145 15 O 155 160 

Ile Ala Ala Arg Asn. Ile Gly Gly His Lys Glu Glu Ile Asp Tyr Ser 
1.65 170 175 

Ala Val Pro Ser Val Ile Phe Thr Phe Pro Glu Val Ala Ser Val Gly 
18O 185 190 

Leu Ser Pro Thr Ala Ala Glin Gln His Lieu Lleu Lleu Arg Lieu Lleu Phe 
195 2OO 2O5 

Leu Lys Asn Lieu. Ile Glin Lys Lys Asn. Ser Ser His Thr Cys Glu Glu 
210 215 220 

Glu Gly Val Trp Lys Thr Ser 
225 230 

<210 SEQ ID NO 27 
<211& LENGTH: 264 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 27 

atgagtcaaa aaaataaaaa citctgcttitt atgcatcccg tdaatattitc. cacagattta 60 

gcagttatag ttggcaaggg accitatgc.cc agaac cqaaa ttgtaaagaa agtttgggaa 120 

tacattaaaa alacacaacto tcaggatcaa aaaaataaac gitaat atcot toccgatgcg 18O 

aatcttgcca aagtc.tttgg citctagtgat cottatcgaca tottccaaat gaccalaagcc 240 

cittitccaaac atattgtaaa ataa 264 

<210> SEQ ID NO 28 
&2 11s LENGTH 87 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 28 

Met Ser Gln Lys Asn Lys Asn Ser Ala Phe Met His Pro Val Asin Ile 
1 5 10 15 

Ser Thr Asp Leu Ala Val Ile Val Gly Lys Gly Pro Met Pro Arg Thr 
2O 25 30 

Glu Ile Val Lys Lys Val Trp Glu Tyr Ile Lys Lys His Asn. Cys Glin 
35 40 45 

52 



US 6,555,115 B1 
S3 

-continued 

Asp Gln Lys Asn Lys Arg Asn. Ile Leu Pro Asp Ala Asn Lieu Ala Lys 
50 55 60 

Val Phe Gly Ser Ser Asp Pro Ile Asp Met Phe Gln Met Thr Lys Ala 
65 70 75 8O 

Leu Ser Lys His Ile Val Lys 
85 

<210 SEQ ID NO 29 
&2 11s LENGTH 369 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 29 

atgccacgca to attggaat tdatatto cit gcaaagaaaa agittaaaaat aagttctgaca 60 

tatatttatg gaataggatc agcto gttct gatgaaatca ttaaaaagtt gaagttagat 120 

cctgaggcaa gagccitctga attaactgaa gaagaagtag gacgactgaa citctotgcta 18O 

caatcagaat ataccgtaga aggggatttg cqacgtogto ttcaatcgga tatcaaaaga 240 

ttgatcgc.ca to cattctta to gaggtoag agacatagac tittctttacc agtaagagga 3OO 

caacgtacaa aaactaattic togtactic ga aaaggtaaaa gaaaaac agt c gcaggtaag 360 

aagaaataa 369 

<210 SEQ ID NO 30 
<211& LENGTH 122 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 30 

Met Pro Arg Ile Ile Gly Ile Asp Ile Pro Ala Lys Lys Lys Lieu Lys 
1 5 10 15 

Ile Ser Lieu. Thir Tyr Ile Tyr Gly Ile Gly Ser Ala Arg Ser Asp Glu 
2O 25 30 

Ile Ile Lys Lys Lieu Lys Lieu. Asp Pro Glu Ala Arg Ala Ser Glu Lieu 
35 40 45 

Thr Glu Glu Glu Val Gly Arg Lieu. Asn. Ser Lieu Lleu Glin Ser Glu Tyr 
50 55 60 

Thr Val Glu Gly Asp Leu Arg Arg Arg Val Glin Ser Asp Ile Lys Arg 
65 70 75 8O 

Lieu. Ile Ala Ile His Ser Tyr Arg Gly Glin Arg His Arg Lieu Ser Lieu 
85 90 95 

Pro Val Arg Gly Glin Arg Thr Lys Thr Asn. Ser Arg Thr Arg Lys Gly 
100 105 110 

Lys Arg Lys Thr Val Ala Gly Lys Lys Lys 
115 120 

<210> SEQ ID NO 31 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in the lab 

<400 SEQUENCE: 31 

Cys Ser Phe Ile Gly Gly Ile Thr Tyr Leu 
1 5 10 



<210> SEQ ID NO 
&2 11s LENGTH 53 
&212> TYPE PRT 

US 6,555,115 B1 
SS 

-continued 

32 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 

Leu Cys Val Ser 
1 

Ile Gly Gly Ile 
2O 

Leu Phe Wall Asn 
35 

Lys Ala Asn Met 
50 

<210> SEQ ID NO 

32 

His Lys Arg Arg Ala Ala Ala Ala Val Cys Ser Phe 
5 10 15 

Thr Tyr Leu Ala Thr Phe Gly Ala Ile Arg Pro Ile 
25 30 

Lys Met Leu Ala Glin Pro Phe Leu Ser Ser Glin Thr 
40 45 

Gly 

33 
<211& LENGTH 161 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 33 

atctttgttgt gtc.tcataag cqcagagcgg ctg.cggctgt citgtag catc atcggaggaa 60 

ttacctacct c gC gacattc ggagctatoc gttc.cgattot gtttgtcaac aaaatgctgg 120 

caaaaccqtt totttctitcc caaactaaag caaatatggg a 161 

<210> SEQ ID NO 
&2 11s LENGTH 53 
&212> TYPE PRT 

34 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 

Leu Cys Val Ser 
1 

Ile Gly Gly Ile 
2O 

Leu Phe Wall Asn 
35 

Lys Ala Asn Met 
50 

&2 11s LENGTH 55 
&212> TYPE DNA 
<213> ORGANISM 

<400 SEQUENCE: 

34 

His Lys Arg Arg Ala Ala Ala Ala Val Cys Ser Ile 
5 10 15 

Thr Tyr Leu Ala Thr Phe Gly Ala Ile Arg Pro Ile 
25 30 

Lys Met Leu Ala Lys Pro Phe Leu Ser Ser Glin Thr 
40 45 

Gly 

35 

Chlamydia pneumoniae 

35 

gatata cata togcatcacca toaccatcac atgagtcaaa aaaaataaaa actict 55 

&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM 

<400 SEQUENCE: 

36 

Chlamydia pneumoniae 

36 

citcgaggaat tcttattitta caatatgttt gga 33 

&2 11s LENGTH 53 
&212> TYPE DNA 
<213> ORGANISM 

37 

Chlamydia pneumoniae 



US 6,555,115 B1 
57 

-continued 

<400 SEQUENCE: 37 

gatata cata togcatcacca toaccatcac atgcc acgca to attggaat gat 

<210 SEQ ID NO 38 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 38 

citcgaggaat tcttatttct tcttacctg.c 

<210 SEQ ID NO 39 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in the lab 

<400 SEQUENCE: 39 

Lys Arg Asn. Ile Asn Pro Asp Asp Llys Lieu Ala Lys Val Phe Gly Thr 
1 5 10 15 

<210> SEQ ID NO 40 
&2 11s LENGTH 16 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: made in the lab 

<400 SEQUENCE: 40 

Lys Arg Asn. Ile Leu Pro Asp Ala Asn Leu Ala Lys Val Phe Gly Ser 
1 5 10 15 

<210> SEQ ID NO 41 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: made in the lab 

<400 SEQUENCE: 41 

Lys Glu Tyr Ile Asn Gly Asp Llys Tyr Phe Glin Glin Ile Phe Asp 
1 5 10 15 

<210> SEQ ID NO 42 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: made in the lab 

<400 SEQUENCE: 42 

Lys Lys Ile Ile Ile Pro Asp Ser Lys Lieu Glin Gly Val Ile Gly Ala 
1 5 10 15 

<210> SEQ ID NO 43 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: made in the lab 

<400 SEQUENCE: 43 

Lys Lys Lieu Lieu Val Pro Asp Asn. Asn Lieu Ala Thr Ile Ile Gly 
1 5 10 15 

58 
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59 

SEQ ID NO 44 
LENGTH 509 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 44 

ggagctcqaa titcggcacga gagtgccitat tdttittgcag 

taccgtacgt gagattgctd tacaagtagc tigittatgtat 

cgc.cgtgggc gatttagciga aaaatgattc ttctattoaia 

tgctgcagcc gtgttggaga tacaagatct totgcct cat 

tacaca atta gatggaacgg aaagaagaga agcttggaga 

gcct catagt ggtgtattaa citggcataga toaa.gctitta 

ggaatatoct gaaaagtgta cqgaagaaca gattcgtaca 

agaagtgcag gtagct actt tacagatcat totgagagga 

ttctataatg gaatcggttc. tcgtgcc.gg 

<400 

SEQ ID NO 45 
LENGTH 481 
TYPE DNA 

ORGANISM: Chlamydia 
FEATURE: 
NAME/KEY: unsure 
LOCATION: (23) 
OTHER INFORMATION: n=A, T, C or G 

SEQUENCE: 45 

gatc.cgaatt cqg cac gagg cantatttac toccaac att 

aggtottcta ataaggaagt taatgtaaga ggcttttitta 

ttgcaa.ccgc acgcgattga atgatacgca agc catttcc 

gacaaaaata caaaggaggit to acticcitaa ccagaaaaag 

tttitccittat atacaccogt titcacacaat taggagcc.gc 

attgtc.ccca agc gaattitt gttcctgttt cagggattitc 

atcc.gc.citat ggtaacgcaa ttagotgtag taggaagatc 

aatcagaaag citcataggtg cct gcago aa taacaac att 

g 

<400 

SEQ ID NO 46 
LENGTH 427 
TYPE DNA 

ORGANISM: Chlamydia 
FEATURE: 
NAME/KEY: unsure 
LOCATION: (20) 
OTHER INFORMATION: n=A, T, C or G 

SEQUENCE: 46 

gatcc.gaatt cqg cacgagin tttittcctgt tttittcttag 

atalacacaga toaaagaacg gcc attcagt ttaggctctg 

totaag coct gacacattct ttgaacaacc titatgccc.gt 

cgcc.ccc.gaa acatacaaga aacctttact ttattitcctt 

tgctittgctt togtaagaaa gtogttatca togatattag 

atacgcactt ggtgctgtgc tittcttacta totttittctt 
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gctttgttctg atgatagoga 

ggttctagtt gct tact gcig 

gtacgcatca citgcttatcg 

ttacgagttg tag to caaaa 

totttatgttg ttcttacitcg 

atgacct gtg agatgttaaa 

ttattggctg cag atcatcc 

ggtagagtat toc gg to atc 

acggttccaa ataag.cgata 

ttgctttitcg talaggtagta 

atcatggaaa agaac cottg 

ggagagittag titt.ccatggg 

gtotagtatt to gaatacaa 

toctaattgttctgtcagoc 

aactccaaac aggtoataga 

cittgttctgag tagc gaatt 

tttittagtgt toccggagca 

acticaacaaa accitatgtcc 

gttcgggata agccaactct 

totcaataaa gqc totagot 

gcttaa.gctt aacct ctittg 

ttittagttat gtcgtaacga 

60 

120 

18O 

240 

360 

420 

480 

509 

60 

120 

18O 

240 

360 

420 

480 

481 

60 

120 

18O 

240 

360 

60 
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tact tcc.cgt agticcatgat tittgcacaca ggaggctctg agtttgaagc aacct cqtgc 

cgaattic 

<210> SEQ ID NO 47 
&2 11s LENGTH 600 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (522) 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 47 

gatc.cgaatt 

cagottatto 

gatagtacag 

aaagcttitta 

aggaac attg 

agctctggga 

gttgttctag 

toatcaggcg 

cc.gacaacgt. 

citttctaatg 

Cgg Cac gaga 

tagaaaagtt 

to caagatat 

acaactitt.cc 

aaactittatt 

gcatgttctt 

citttggtacg 

titccitaattit 

attcattacg 

gcaatgatat 

<210> SEQ ID NO 48 
&2 11s LENGTH 600 
&212> TYPE DNA 

tgcttctatt 

gggagatcaa 

tittagacaaa 

aatcactaat 

aggaggaact 

agt citcagoa 

agaaggtgat 

atgtag tota 

tgtaggcggit 

tittaggaata 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 48 

ggagct cqaa 

atgatgcagg 

cgtttgatgt 

atccagaaga 

attgggccala 

aagagcaaaa 

ccittggaaaa 

aactgttatc 

citatttgttg 

aatttaagaa 

titcggcacga 

aattaggtoc 

gtatactato 

taaattggat 

gttgcatccc 

aactalaggtg 

catgtcttitt 

citctaattitt 

aag cagtc.ct 

agttacttitt 

<210 SEQ ID NO 49 
&2 11s LENGTH 600 
&212> TYPE DNA 

gctictatoaa 

acactatott 

togtgtaagc 

tgcgggtota 

acgtttagag 

tgcaaatcaa 

citagacaaga 

tdaagaacag 

agaattagtg 

to cittgttta 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 49 

n=ATC or G 

acaattggitt 

attcttggtg 

atcacaa.cag 

aaaattcaat 

gaaataggaa 

gatattattg 

totaag.ccct 

agaaccagaa 

ttagaaag.cg 

acaaatctitc 

taticcalattic 

ttitttgtttc 

citttittggitt 

ggtcagdaag 

aaagttgttgt 

citccaacgtt 

taagcataat 

gaga.gtctgg 

agacacttitt 

citcgtattitt 

tggatgcgga 

gaattgctoga 

accottctot 

gcaacgg gtt 

aattcacagt 

catcaagaat 

acgcgattag 

ttattaatac 

gngtgg tatg 

taatgitatct 

totaaactgt 

gcaaatgatt 

acttctgaca 

talacacttitt 

tttitccagtt 

agagtaagtt 

caaag.cctitt 

gaataatcct 

atggtag agt 

taggtotaat 

aaaagcttac 

tactattgtt 

aggtttgttg 

attcacticcic 

cacaccalaa. 

ggalagg.cggc 

titatggatac 

aggattgact 

ggittaatgcc 

tttittggagg 

toggataaaa 

gattittaaat 

ctagocccca 

titcc.ctaaaa. 

ccitcc cittaa. 

atctattoag 

tittagctitta 

aaagagttitt 

totalagg gag 

toggggaaat 

gatc.cgaatt cqg cac gaga tigcttctatt acaattggitt toggatgcgga aaaagcttac 

cagottatto tagaaaagtt go.gagatcaa attcttggtg gaattgctga tactattgtt 

gatagtacag to caagatat tittagacaaa atcacaa.cag accottctot aggtttgttg 

420 

427 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

60 

120 

18O 

62 
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aaagcttitta acaacttitcc aatcactaat 

aggaac attgaaactittatt aggaggaact 

agctctggga gcatgttctt agt citcagca 

gttgttctag citttggtacg agaaggtgat 

toatcagg.cg titcctaattt atgtag tota 

cc.gacaacgt attcattacg totagg.cggit 

citttctaatg goaatgatat tittaggaata 

<400 

SEQ ID NO 50 
LENGTH 4O6 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 50 

gatc.cgaatt cqg cacgagt tottagcttg 

gctatoaaat agcttattoa gitotttcatt 

toctatgttc titcagotata aaaatactitc 

cattaaccac aacataatca aattc.gctag 

atctittctitt cittctggaaa totttctotg 

cittcttgaga gggagcttga ataaaaatgt 

agct cottgt acatcaatca cqgctato.ca 

<400 

SEQ ID NO 51 
LENGTH 602 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 51 

gatc.cgaatt cqg cac gaga tattittagac 

ttgaaagctt ttaacaactt tocaatcact 

cc caggaaca ttgaaactitt attaggagga 

aaaagctotg g gag catgtt cittagtctica 

ggcgttgttc tagctttggit acgagaaggit 

tact catcag gogttcctaa tittatgtagt 

actc.cgacaa cqtattoaitt acgtgtaggc 

gcc ctittcta atggcaatga tattittagga 

gaggtaatac citcaaacaaa cqcttaaa.ca 

tatttagaga aaaaagttcg aattacgggg 

to 

<400 

SEQ ID NO 52 
LENGTH 145 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 52 

aaaattcaat 

gaaataggaa 

gatattattg 

totaag.ccct 

agaaccagaa 

ttagaaag.cg 

acaaatacitt 

cittaattacg 

agittaaacga 

ttaaaacttg 

cgg cagdaat 

aatcc.cgagc 

gactg.ccggC 

gtotcgtgcc 

aaaat cacala 

aataaaattic 

actgaaatag 

gcagatatta 

gattctaagc 

citaagaacca 

ggitttagaaa 

ataacaaata 

atttittattg 

tttgttatgc 

US 6,555,115 B1 
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gcaacgg gtt attcacticcic 

aattcacagt cacaccoaaa 

catcaagaat ggaaggcggc 

acgcgattag titatggatac 

ttattaatac aggattgact 

gtgtggitat g g gttaatgcc 

ctaatgitatc titttittggag 

taattalacca alactaaaggg 

tottttctag coatgactica 

atatgctgta atcaaatcat 

titcgacagog citatgcticta 

attcaaacgg cqctdaagtt 

atttgcttct tcagagccaa 

gaattic 

cag accottc totaggitttg 

aatgcaacgg gttatto act 

gaaaattcac agt cacaccc 

ttgcatcaag aatggaaggc 

ccitacgc gat tagttatgga 

gaattattaa tacaggattg 

gcqgtgtggt atgggittaat 

cittctaatgt atcttttittg 

gatttittctt ataggittitta 

aaaataaact c gtgcc.gaat 

gatc.cgaatt cqg cacgagc ticgtgcc.gat gtgttcaa.ca gcatccatag gatgggcagt 

caaatatact coaagtaatt citttittctot tittcaacaac toctitaggag agcgttggat 

aacatttitca gctcgtg.ccg aattic 

240 

360 

420 

480 

540 

600 

60 

120 

18O 

240 

360 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

60 

120 

145 

64 
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acago.ccgct titcattcaac aggtgttggit aaa.cattgct 

ttcttaacgt gtgattgaag tttgttgaatt gagggggagc 

ggctcitttitt tottttcaaa ggaatctogt gtctacagaa 

ttagttccaa aagaagaaaa tatataaaag aaaaaactcc 

cggcagacitt cqtggaaaat gtctgtaaag citggagggga 

tatcc.gagaa aaaaggctica ggctogtgcc gaatticggca 

cittittcttitc ggaatctgtc attggatctg cgtaag actt 

citgtcttcto tittaggitttc ttgcgc.gaga aaaattittct 

ttttacagcc ggcatc.cggc titctogcgaa gtataac 

<400 

SEQ ID NO 58 
LENGTH 463 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 58 

totcaaatcc ttgctttgaa taatccagat atttcaaaaa 

cgacaaggac toc gtttcgt act agaagcc totgitat caa 

cgc.gttcggit talactato aa toggaatgtc gaagaatacg 

ggacgc.cgtt togaatacaga aaatattggc titggataaag 

cgcggagtica toccitaccga tigccacaatig cigcacaaacg. 

ggagatatoa caggaaaatg gcaacttgcc catgtagctt 

gcacggaata taggtggcca taaagaggaa atcgattact 

tttacctitcc ctgaagtc.gc titcagtaggc citctocc caa 

<400 

SEQ ID NO 59 
LENGTH 552 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 59 

acattcctico togctccitc.gc ggc catccac aaattgaggit 

acggaattitt acacgtttct gctaaagatg citgctagtgg 

ttgaa.gcaag citctggatta aaagaagatgaaattcaa.ca 

ttcataaaga ggalagacaaa caacgaaaag aagcttctga 

gaatgatctt tagagc.cgaa aaagctgttga aagattacca 

ttgttaaaga aattgaagag catattgaga aagtacgc.ca 

ccacaa.ca.gc tatcaaag.ca gcttctgatg agttgagtac 

aagctatoca ggctcaatcc gcatcc.gcag cagcatctitc 

ggccaaac at taactc.cgaa gatctgaaaa alacatagttt 

gaggaag.cgc ct 

<400 

SEQ ID NO 60 
LENGTH 118O 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 60 
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totctattost 

caaaaaagaa 

gtottttcaa 

taattcattt 

atcagoagaa 

cgagacitacg 

aaagttcggc 

caagtaacaa 

ccatgttctga 

atatt gagga 

attacgttct 

citggtgttat 

tacctalacat 

citcatcaagg 

citgctgtc.cc 

cag 

aacctitcgat 

acgcgaacaa 

aatgatcc.gc 

tgtgaaaaat 

cgacaaaatt 

agcaatcaaa 

togtatgcaa. 

tgcagcgaat 

cagdacacga 

citggittatct 

titt cittittitt 

taataagttc 

aaaaagtgct 

agatgcaaga 

aaagaaaggt 

aacacaggct 

gaagatttct 

talaatticacc 

tataggagat 

cgitatictata 

ttgttgatgaa 

titatgctatt 

aatcattgca 

ttctgttgatc 

attgatgcca 

aaaatcc.gta 

gatgcagagc 

gaa.gc.cgatg 

cctgcagaac 

gaagatgctt 

aaaatcggag 

gct Caaggag 

cct coag cag 

14 O 

200 

260 

320 

4 40 

5 OO 

537 

60 

120 

18O 

240 

360 

420 

463 

60 

120 

18O 

240 

360 

420 

480 

540 

552 

70 
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gg.cgttcatg cagttgaact cottcctatt titcgaattcg 

aaaaatcagg actitcc.ccca cct gtgtaac tattgggggit 

tgcc cctotc gcc gttatac titatgggg.ca gacccittgcg 

actcittgtca aag.cgttaca cc.gtgcggga atcgaagttca 

catacaggct ttgaa 

<400 

SEQ ID NO 62 
LENGTH 688 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 62 

gtggat.ccaa aaaagaatct aaaaagcc at acaaagattg 

ctaacactitt atcagogtca totttgagaa goatctoaat 

catgcc.gcac atcc.gcttct tcatgttctg tdaaatatgc 

atccaaagta citcagtcaat coacgaattt totctotago 

cataagaata caaag.cagoc acticcitgcag citaaagaatc 

aagtagctac tittc.gcttitt gctgcttcac taggctdatg 

taactcctag agcaaacaca aactgctitcc acaaatcaat 

cittcatccat caagttatct aacaataact tacgc.gc.cto 

gaatcgcaga taalatattta ggaaaggctt tatatgtaa 

cctgtaattig citctittagta agctocccct tcg accattt 

gcatatgctt attittgaata attaaatcta actgatctaa 

toatttctitt tottgacitcc acgtaacc 

<400 

SEQ ID NO 63 
LENGTH 269 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 63 

atgttgaaat cacacaagct gttcc taaat atgctacggit 

aaattact gc tacaggtaaa agggattgtg ttgatgttat 

gtgaag caga gttcgtacgc agtgatccag cqacaactcc 

tittggaaaat to accgctta ggacaaggcg aaaagagtaa 

citcttaaaga aggttgctgc tittacagot 

<400 

SEQ ID NO 64 
LENGTH 1339 
TYPE DNA 

ORGANISM: Chlamydia trachomatis 

SEQUENCE: 64 

cittittatt at ggcttctggg gatgatgtca acgatat cqa 

ttaaaattgt tatacagacg gcticcagagg agatgcatgg 

ccc.cgg.cgaa goatcttggt attct citc.cg cct gggaagc 

agctagittaa to cittaggaa acatttctgg accitatgccc 

cacatagaga gtttct cocq taattgcgct agctagggga 
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atgaaac cqt 

attctitcggit 

citc.cggcc.cg 

ttcto gatgt 

cgttacttct 

gag.cgcttitt 

atagtcttca 

gatacgtgga 

toct9tacac 

agcctctaac 

atgattaggg 

taaatcatcg 

ataatag tot 

cacataaaac 

aaaatticata 

aggat.ct coc 

cattacticag 

tactgct gat 

aattact gta 

cctgctatot 

attagcggac 

tggtgagctg 

atcacattgg 

gag actalaga 

ccatccattt 

gaattittittc 

agagttcaag 

cgttittcaat 

tgc gatgcct 

tottctotag 

ggattggaaa 

atttgactict 

caccgcatca 

tottctggag 

taaccgttct 

caacgacitat 

ttggcac gag 

gtgttgttcta 

alacaccitcca 

tatcctgttg 

caattaccat 

ggtaagctag 

tgggtaaaac 

c gaggagatt 

tttittggctc 

cgttacaaac 

citcc.gtgatc 

aggctgctoc 

1020 

1080 

1140 

1200 

1215 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

688 

60 

120 

18O 

240 

269 

60 

120 

18O 

240 
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tgcgcc tact to citcagott coattggaga agg tagtgga 

caccattcto tcaataaatc caatagottt toctd cacgg 

gatagtatto acticgg acto cocaacg.tc.g. gcc.ggct tcc 

actittctaaa goagcttittg ctg.cgttcat tccitcc.gc.ca 

ggaa.gcaaga taagttagag agatggtgct agctoctdca 

agagagaagg citgataaagg agtagctgga tigtacttaag 

agaggitatica agtaatggitt tag caattitc cqgactottt 

atcaatgttgt coaaaatctt ttittcaccitg ttctacaact 

aagatctittg taacgttitat tittccaaaat titcctgagga 

actggcatcc atgggataga ttittagcgaa agittagcaat 

agatgcattgaattitt.ccita acticc caaga ttgagagaaa 

ggtocc caca agtatggttg cqcctgcttctgctaac att 

ccc.gittatca togcctatgc cqgctatgaa agcaatttitt 

catgagctaa ccc cattttgtc.ttcttgag agaggagagt 

gaaacgggcc toataataca taaggagtag attcactggc 

aaag agtttc. cittgttcaaat tottatatgg gtagagittaa 

tatgtttatt ttaaaataat ttgttittaac aactgtttaa 

tgaaaaacag gttittatat 

<210> SEQ ID NO 65 
&2 11s LENGTH 195 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 65 

Met 

Wall 

Lys 

Pro 

His 
65 

Ser 

Glu 

Gly 

Ile 

Teu 
145 

Phe 

Glu 

Gly Ser Lieu Val Gly Arg Glin Ala Pro Asp 
5 10 

Val Cys Gly Glu Glu Lys Glu Ile Ser Lieu 
2O 25 

Tyr Val Val Leu Phe Phe Tyr Pro Lys Asp 
35 40 

Thr Glu Lieu. His Ala Phe Glin Asp Arg Lieu 
5 O 55 

Gly Ala Val Val Lieu Gly Cys Ser Val Asp 
70 75 

Arg Trp Lieu. Thr Val Ala Arg Asp Ala Gly 
85 90 

Tyr Pro Leu Lleu Ala Asp Pro Ser Phe Lys 
100 105 

Val Lieu. Asn Pro Glu Gly Ser Lieu Ala Lieu 
115 120 

Asp Llys His Gly Val Ile Arg His Ala Val 
130 135 

Gly Arg Ser Ile Asp Glu Glu Lieu Arg Ile 
15 O 155 

Phe Glu Asn His Gly Met Val Cys Pro Ala 
1.65 170 

Arg Gly Met Val Pro Ser Glu Glu Gly Leu 
18O 185 
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gcc cagtctt 

ctagotaatg 

caa.gc.cagta 

taccctggaa 

ttcataattg 

gcggcaagat 

gctaaag agt 

toggatacag 

atatottctg 

totccattgg 

attittataga 

ttggcaatgc 

cctgttaaat 

agcagattot 

tggatcc agg 

tdaactgttt 

tagttittaat 

Phe 

Ala 

Phe 

Wall 
60 

Asp 

Gly 

Ile 

Arg 

Ile 
1 4 0 

Teu 

Asn 

Ser 

Asp 

Thr 
45 

Asp 

Ile 

Ile 

Ser 

Ala 
125 

Asn 

Asp 

Trp 

Glu 

Phe 

Glu 

Glu 

Glu 
110 

Thr 

Asp 

Ser 

Arg 

Tyr 
190 

gg tagtaatc 

gcc cit gcc.ga 

cittttgttatc 

cagdacgcat 

ggccaaaatg 

agcctttacg 

gaacaagaat 

tgtacccaga 

gggtgtcgaa 

agagttcacg 

tagga acco a 

cc cago cata 

caattittcaa. 

ttattattga 

tittctagagt 

tdaagtgatt 

ttittaaagtg 

Lys Ala 
15 

Arg Gly 

Val Cys 

Glu Glu 

Thr His 
8O 

Gly Thr 
95 

Ala Phe 

Phe Leu 

Leu Pro 

Lieu. Ile 
160 

Ser Gly 
175 

Phe Glin 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1080 

1140 

1200 

1260 

1320 

1339 
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Thr Met Asp 

<400 

195 

SEQ ID NO 66 
LENGTH 520 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 66 

gatc.cgaatt cqg cac gagg aggaatggaa 

ccattcacta gaaacticcat aac agcggitt 

tgatgitaa at tag.cgcaatt agagggggat 

gatgaaggag atgtatttgc tict ggaagca 

ccitccaacaa togcct gagg attctggcto 

gacittaagtt toccatcaga gggagctatt 

attgttgggat cagaaaattt acttgtgagc 

tdatcgaacg aatttittcaa toctogaaaa 

gtgaaacgat cittcaagagg agtatcgc.ct 

<400 

SEQ ID NO 67 
LENGTH 276 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 67 

gatc.cgaatt cqg cac gagg tattgaagga 

atgccitat ct atgaagttat gaatatggat 

caaggg cact atcagg acco aagagctt.ca 

gatttgccta gaag.cccata toctactcca 

atggatgtag aag cagggitt cogtgaggca 

<400 

SEQ ID NO 68 
LENGTH 248 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 68 

gatc.cgaatt cqg cac gagg togttcaagaa 

gatctaccgg tagaag agitt gctagaaaaa 

tatgaaactt cittctgaaag cqattctgag 

ttctotttta tocatattag g g citaacg at 

tottattg 

<400 

SEQ ID NO 69 
LENGTH 715 
TYPE DNA 

ORGANISM: Chlamydia 
FEATURE: 

NAME/KEY: unsure 
LOCATION: (34) 

gggcc citcc.g 

ttctotgatg 

gaggittacitt 

aaggtttctg 

atcagttgat 

tgaattagat 

gcatc gagaa 

tottctocag 

tttitccitctg 

gaaggatctg 

citagaaacac 

gattatgacc 

cctittgccitt 

gttitat 

tatgtc.ctitc 

cgatato aga 

gcataagaag 

aacgt.ctcaa 

OTHER INFORMATION: n=A, T, C or G 

SEQUENCE: 69 

US 6,555,115 B1 
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attittaaatc toctaccatg 

gcq agtaaga agcaa.gcatt 

ggaaatataa gqagcigaagc 

aagctaa.cag alacattgcgt. 

gctittgcct g aatgaga.gc.g 

aatcaagagc tag atcc titt 

titt.cgtoaga agaagaatca 

agactitcgga aagat cittct 

acticgatcta toaaatcatg 

gaagatcttt toc ggtacag 

toccacgtgc tag.cgacitat 

citagatato a gctacagaat 

aagaatgggit taaattgaaa 

aattic.cgaac gataggtota 

catttagttt tattoggttt 

gcagaaattt tttctotagg 

gatc.cgaatt cqg cac gaga aggtagatcc gatintcagoa aaagtgctoc taaaggaaga 

60 

120 

18O 

240 

360 

420 

480 

60 

120 

18O 

240 

276 

60 

120 

18O 

240 

248 

60 

78 





<400 

gatc.cgaatt cqg cac gaga totcc to gag 

citacaacata acggtocgct aaaaactitcc 

cctgattotc taccagtc.cg cqttcctgca 

gatgataagc gttcgtagtt citggaaaaga 

tatctittatg aag cittatga tacatgtcga 

citgcattaag g gtaattgcg attcc.gtatt 

tgccittgtag totctgaaaa cqc.gcataaa 

gtocaaaatg caaaggacca tttgcgtaag 

attccactat titcacgtogc tocagttgta 

gaaaccittgn totctitcgnc totctoctgt 

tdag cqtatt cqgact gatg ccctaaagat 

<400 

81 

ORGANISM: Chlamydia 
FEATURE 
NAME/KEY: unsure 
LOCATION: (550) 
OTHER INFORMATION: 
FEATURE 
NAME/KEY: unsure 
LOCATION: (559) 
OTHER INFORMATION: 
FEATURE 
NAME/KEY: unsure 
LOCATION: (575) 
OTHER INFORMATION: 
FEATURE 

NAME/KEY: unsure 
LOCATION: (583) 
OTHER INFORMATION: 
FEATURE 

NAME/KEY: unsure 
LOCATION: (634) 
OTHER INFORMATION: 
FEATURE 

NAME/KEY: unsure 
O A. '' I O N 6 3 8 

SEQUENCE: 72 

SEQ ID NO 73 
LENGTH 584 
TYPE DNA 

ORGANISM: Chlamydia 
FEATURE 
NAME/KEY: unsure 
LOCATION: (460) 
OTHER INFORMATION: 
FEATURE 
NAME/KEY: unsure 
LOCATION: (523) 
OTHER INFORMATION: 
FEATURE 
NAME/KEY: unsure 
LOCATION: (541) 
OTHER INFORMATION: 
FEATURE 

NAME/KEY: unsure 
LOCATION: (546) 
OTHER INFORMATION: 

SEQUENCE: 73 

or G 

or G 

or G 

or G 

or G 

or G 

citc gatcaaa 

cittct tcc.tc. 

agtttcgata 

aatctacaga 

catattottg 

catcaga acc 

catctgcagg 

gcaacgcaga 

Cagagaagga 

agc anacaaa 

cccing gangt 

or G 

or G 

or G 

or G 
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cccacacttg 

agaatacago 

gaaatcttgc 

aattic ccaat 

ataccccatg 

acaaataitac 

caaataagca 

agtaataaga 

tc.ttittctitc. 

tgnotcitcto 

t 

ggacaagtac 

tgttcgg to a 

acaatagoag 

ttcttgaagg 

cctg.ccaact 

aaaacct citt 

cc.ggtaatat 

attacgggaag 

tggatgttcc 

gacatctott 

gaattcggca cqagacattt citagaatgga accggcaa.ca aacaaaaact ttgttatctga 

agatgactitt aag caatctt tagataggga agattittittg gaatgggtot ttittatttgg 

gacittattac ggaacgagta aggcggagat ttctagagtt citgcaaaagg gtaag cactg 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

64 1. 

60 

120 

18O 

82 





&223> OTHER INFORMATION: 

<400 SEQUENCE: 76 

gatc.cgaatt 

aalaccaggtg 

caatctgaga 

actgtaataa 

attagg gact 

citttggatac 

tgctggagtc 

tgctttgttct 

aatctotaac 

gctc.gc.ccgt. 

aaaaggagaa 

attatcc.cala 

agatacttct 

aaagttgning 

Cgg Cac gaga 

actitcccacg 

titccaacgto 

aaagagcgcg 

caaatcaa.ca 

aacaatgttg 

atgcttggaa 

atcaatggat 

caactictato 

tacttagttc 

cittccagatt 

toccgacgta 

cctaag catg 

gggaata 

<210 SEQ ID NO 77 
&2 11s LENGTH 399 
&212> TYPE DNA 

85 

tacgctagat 

atctitcc titc. 

accitacctica 

cittcCttitat 

gcc citcttac 

citgitacaaat 

aactitccaga 

citcc.gcaatc 

totgtgatcg 

tttitttc.gca 

tacatgctct 

tdatccagoa 

gggg tatgcg 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 77 

catatgcatc 

aaaaagttaa 

atcattaaaa. 

gtaggacgac 

cgtgttcaat 

agacitttctt 

aaaagaaaaa 

accatcacca 

aaataagttct 

agttgaagtt 

tgaactictot 

cggatato aa 

taccagtaag 

Cagtc.gcagg 

<210 SEQ ID NO 78 
&2 11s LENGTH 2.85 
&212> TYPE DNA 

tdacatgcca 

gacatatatt 

agatcctgag 

gctacaatca 

aagattgatc 

aggacaacgt. 

taagaagaaa 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 78 

atgcatcacc 

gtgaatattt 

attgtaaaga 

cgtaatatoc 

atgttccaaa 

atcaccatca 

ccacagattt 

aagtttggga 

titccc.gatgc 

tgaccaaag.c 

<210 SEQ ID NO 79 
&2 11s LENGTH 950 
&212> TYPE DNA 

catgagtcaa 

agcagttata 

attacattaala 

gaatcttgcc 

cct titccaaa. 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 79 

n=ATC or G 

gcqataaatg 

totagtacgc 

acacago citc 

gcaaaatcaa 

toctd attcc 

tgaagaggat 

gaatacctitt 

taatattaaa. 

gcttalacatg 

gcatgccaat 

agg tatgtat 

atctitccatt 

taccggittat 

cgcatcattg 

tatggaatag 

gcaa.gagcct 

gaatataccg 

gccatccatt 

acaaaaacta 

taagaattic 

aaaaataaaa. 

gttggcaagg 

aalacacaact 

aaagttctittg 

catattgtaa 
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cggataatga 

citcctcatgc 

catcacccita 

tittgaacaac 

aataatgcct 

ggtaatticag 

agacaaaaaa 

ggcactctag 

accitatictaa 

atctggatgc 

cacct gtaaa 

cgaaagattit 

ttittctottc. 

gaattgatat 

gatcagotcg 

citgaattaac 

tagaagggga 

cittatcgagg 

attctogtac 

actctgctitt 

gaccitatgcc 

gtoaggatca 

gctictagtga 

aataa 

ggattatcct 

to cagtacct 

actitgtaaaa 

toctitactga 

gtatagttcg 

gatttittagt 

ttittcaaag.c 

gatacggtoga 

atggagaaaa 

aatctatoctic 

titatgcc.gto 

ggaatcagat 

a tactcaaaa. 

to citgcaaag 

ttctgatgaa 

tgaagaagaa 

tittgcgacgt. 

to agaga cat 

togaaaaggt 

tatgcatccc 

cagaaccgaa 

aaaaaataaa. 

toctatogac 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

797 

60 

120 

18O 

240 

360 

399 

60 

120 

18O 

240 

285 

86 







<400 

91 

TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 83 

tataccattc gtttgaaagt gcc tittgacg 

ggtogtgtcg tttitcc cittg g g cagatgtt 

titcc ctacgt atcactittgc taatgtagitt 

ttgc gagggg aagagtggitt aagttctaca 

gggtgg gagc citcc.gcagtt titt coatatg 

cittitccaaga gaaagaatcc tacttctatt 

gaag.cgttca taattitcc 

<400 

SEQ ID NO 84 
LENGTH 715 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 84 

tdaatcctgt attaataatt citggttctta 

atccataact aatc.gc.gtag g g cittagaat 

cgcctitcc at tcttgatgca ataatatotg 

tgggtotgac totgaattitt cotatttcag 

gagtgaataa ccc.gttgcat tdaattittat 

acaaacctag agaagggtot gttgttgattit 

caatagitatc agcaatticca coaagaattit 

aagctttittc cqcatccaaa coaattgtaa 

citgttaaaga tattocatca gaagctgtca 

caaggattat ttgctggtoc ttgagcggct 

caaagacgca gttittgagtg ttatacaaat 

tttittattitt gagctittaaa taaattaggit 

<400 

SEQ ID NO 85 
LENGTH 476 
TYPE DNA 

ORGANISM: Chlamydia 

SEQUENCE: 85 

cgattacgtt tat catggat aag.cgtaatt 

tggttittcag agatagtaca gcttgcttag 

tittctattoa gaacaatcag gotgggattt 

gagg tattgc gtgtggat.ct ttittctitcc.g 

atatttcgaa gaatttaggc gcgattitcgt. 

taggacaaat ggagtaccag ggaggaggag 

agaatgctgg totgct cacc tittaaagaca 

SEQ ID NO 86 
LENGTH 1551 
TYPE DNA 

ggagaaagtg 

gacgatcaag 

gatgatcatt 

ccitaalacacic 

cc.gcttctitc 

titt tact atc 

gactacataa 

caccittctog 

citgagacitaa 

titccitcc taa 

tagtgattgg 

tgtctaaaat 

gatctoccaa 

tagaa.gcatt 

ttittggctg.c 

citgtcatttg 

aaaaaccaga 

ttittagtttc 

ttittagalaga 

ggatagaaac 

gaggaggcgc 

cctitc gaggg 

Caggcggtgc 

totctogtac 

citctatttgg 

acattgttgaa 
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tttittgaaga totaatgcaaa 

ttittggittaa atcagacggg 

tgatggggat tacccatgtg 

ttcttctitta caaagcttitt 

taaatcc toga tiggaagtaag 

gggatgctogg atacaaaaaa 

attaggaacg cct gatgagt 

taccalaagct agaacaacgc 

galacatgctic ccagagctitt 

taaagtttca atgttcc togg 

aaagttgtta aaagctttca 

atcttgg act gtactatoaa 

cittittctaga ataagctggit 

ggttgatgga ttattggaga 

gacaggtgtt gatgttgtc.c 

cccaactittg atattatcag 

attitcc catt ttaaaactict 

aagtttgcta ttaat 

gcqtgaagct ttaaataatt 

cgagtctgaa caggtacaag 

tattgcagot caagaaattg 

aggtaaggct agtttcggag 

ttctgttitta g g g actattg 

tittatgtacg accitcagatt 

tgaaaatatt totctittctg 

gacttittgct tcgaat 

60 

120 

18O 

240 

360 

379 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

715 

60 

120 

18O 

240 

360 

420 

476 

92 







gctttgttcta 

atctotalacc 

citc.gc.ccgtt 

aaaggagaac 

97 

tdaatggatc tocgcaatct 

aactctatot citgttgatcgg 

acttagttct tttittc.gcag 

titccagattt acatgctota 

<210 SEQ ID NO 88 
&2 11s LENGTH 
&212> TYPE DNA 

976 

<213> ORGANISM: Chlamydia 

<400 SEQUENCE: 

aggtggatgg 

ggactgcago 

ggcacaaagt 

gagaagttcg 

citcottctat 

atgatgcgtt 

cagagctt.cg 

cc.gatgggitt 

cittatattitc 

titcc tacata 

aagaatttgc 

aaacgaacaa 

accgtoctitt 

citttagattg 

tgggagaCaa 

ttggacgtca 

citctttittgg 

88 

ggc.gc.ctgtc. caagatgtgc 

tgaagagtcg gctgctittaa 

accittctggg cqcactactt 

tgtgaaatgg cqttatottc 

cagggctoca cagttacaga 

tdatcggtot agttc.gctat 

caatcattat gcaac gagtg 

totcc.ctgtc attgg gcc to 

titcggtgact gatggggatg 

tagttggcag gacatggaag 

taagattatt caagtattitt 

cc caggtggit agtgtc.ctitt 

agaact tcct aaa.catagaa 

gttaa.ccctg ttggaaaacg. 

catggaagga tatactgtgg 

agtattgaat tdttggagta 

ttittga 

<210 SEQ ID NO 89 
&2 11s LENGTH 
&212> TYPE 
<213> ORGAN 

PRT 
ISM 

<400 SEQUENCE: 

Met His His 

Phe Met His 

Lys Gly Pro 
35 

Ile Lys Lys 
5 O 

Pro Asp Ala 
65 

Met Phe Glin 

His 

Pro 

Met 

His 

Asn 

Met 

94 

89 

His 
5 

Wall 

Pro 

Asn 

Teu 

Thr 
85 

<210 SEQ ID NO 90 
&2 11s LENGTH 474 

Chlamydia 

His His Met 

Asn. Ile Ser 

Arg Thr Glu 
40 

Cys Glin Asp 
55 

Ala Lys Wal 

Lys Ala Lieu 
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aat attaaag gCactictagg atacggtgaa 

cittaa.catga cct atctaaa toggagaaaag 

catgccaata totggatgca atctatotca 

togctactct 

gaacactatt 

taaagattcg 

citgaaggtot 

aatcgatgag 

totacticitcc. 

gtttgaaaag 

ttatatggga 

gtaagagcca 

attittgatcc 

cittctaatac 

atctittatgc 

tgattctgac 

tag acacaaa 

atctacaggit 

aaggggatat 

Ser 

Thr 
25 

Ile 

Glin 

Phe 

Ser 

Glin 
10 

Asp 

Wall 

Gly 

Lys 
90 

Teu 

Asn 

Ser 
75 

His 

atatggaagc 

ttctogcatg 

togtoctititt 

aggagatttg 

aagctttittc 

aatggttc.cg 

cgggtacaat 

gtcggagggit 

taaagtagga 

ttcaggaccg 

agaagctittg 

actgcttitcc 

to aggatgaa 

cgtggagtot 

tgcc.gagtat 

cgagittatca 

Asn 

Ala 

Lys 
60 

Ser 

Ile 

Wall 

Wall 
45 

Arg 

Asp 

Wall 

Asn 

Ile 
30 

Trp 

Asn 

Pro 

aatcacaaag 

gccitctittag 

gg tactacga 

gctaccatag 

cctaagaaag 

catttittggg 

attgggagta 

citttitcc.gc.g 

tittctaagaa 

cct cottggg 

attatcg acc 

atgttgacag 

gtggttgatg 

cgccttgctc 

ttaaaaagct 

acaccitatto 

Ser Ala 
15 

Val Gly 

Glu Tyr 

Ile Leu 

Ile Asp 
8O 

2880 

2.940 

3O31 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

976 

98 



&212> TYPE 
<213> ORGANISM 

PRT 

<400 SEQUENCE: 

Met Ala Ser His 

Wall 

Ala 

Gly 

Gly 
65 

His 

Asp 

Ser 

Thr 

Ser 
145 

Pro 

Asn 

Ile 

Ser 

Ile 
225 

Wall 

Arg 

Ser 

Gly 

Arg 
305 

Trp 

Asn 

Wall 

Ala 

Arg 
385 

Wall 

Glin 

Thr 
5 O 

Ala 

Wall 

Ser 

Asn 

Glu 
130 

Ile 

Phe 

Telu 

Gly 

Wall 
210 

Ser 

Telu 

Telu 

Ile 

Wall 
29 O 

Thr 

Glin 

Ile 

Ile 

Ala 
370 

Ala 

Ile 

Ala 
35 

Glu 

Glu 

Wall 

Lys 
115 

Wall 

Ile 

Ser 

Cys 
195 

Ile 

Glu 

Thr 

Gly 
275 

Ile 

Asn 

Telu 

Gly 

Phe 
355 

Glin 

Ile 

Gly 

Gly 

Telu 

Wall 

Gly 

Wall 
100 

Ile 

Telu 

Ala 

Glu 
18O 

Glu 

Glu 

Thr 

Ala 

Ile 
260 

Arg 

Wall 

Ala 

Gly 
340 

Thr 

Glin 

Gly 

99 

Chlamydia 

9 O 

His 
5 

Ala 

Teu 

Asn 

Wall 

Phe 
85 

Arg 

Thr 

Ile 

Ala 

Glu 
1.65 

Ile 

Phe 

Ala 

Met 

Ser 
245 

Asn 

Arg 

Asp 

Pro 

His 
325 

His 

Phe 

Glin 

His 

Gly 

Arg 

Thr 
70 

Ser 

Ser 

Wall 

Teu 

Thr 
15 O 

Ser 

Pro 

Ala 

Ser 

Phe 
230 

Wall 

Gly 

Teu 

Glu 

Asn 
310 

Wall 

Pro 

Ala 
390 

His 

Pro 

Thr 

Gly 
55 

Glin 

Ile 

Ile 

Phe 

Gly 
135 

Gly 

Pro 

Glin 

Ser 

Ser 
215 

Asp 

Ser 

Asn 

Asn 

Arg 
295 

Ile 

Ala 

Glu 

Glu 

Ile 
375 

Wall 

His 

Gly 

Ala 
40 

Ile 

Asn 

Arg 

Ser 
120 

Glu 

Ser 

Arg 

Telu 
200 

Glin 

Asn 

Wall 

Thr 
280 

Gly 

Ser 

Glu 

Wall 
360 

Pro 

Ala 

His 

Gly 
25 

Telu 

Ile 

Arg 

Asp 
105 

Gly 

Asn 

Glu 

Ile 

Met 
185 

Phe 

Ile 

Phe 

Ile 

Glu 
265 

Glu 

Wall 

Ala 

His 

Ile 
345 

Ala 

Wall 

Met 

Met 
10 

Ile 

Pro 

His 

Pro 
90 

Gly 

Arg 

Pro 

Pro 

Telu 
170 

Ala 

His 

Telu 

Thr 

Glu 
250 

Glu 

Asn 

Ile 

Ile 

Glin 
330 

Asp 

Ser 

Gly 

Asn 

Wall 

Glu 

Ser 

Ala 
75 

Ala 

Teu 

Gly 

Ser 

Arg 
155 

Ile 

Thr 

Ala 

Arg 
235 

Asp 

Ile 

Pro 

Gly 
315 

Gly 

Wall 

Wall 

Glu 
395 
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Glu 

Ala 

Lys 
60 

Asp 

Met 

Asn 

Ser 

Wall 
1 4 0 

Ala 

Ser 

Ile 

Teu 

Teu 
220 

Glin 

Ile 

Asp 

Gly 

Thr 

Asp 

Ile 

Ser 

Gly 

Thr 

Ala 

Ala 

Ala 

Arg 
45 

Ala 

Glin 

Wall 

Gly 

Teu 
125 

Ile 

Phe 

Thr 

Gly 

Gly 

Asn 

Gly 

Gly 

Teu 
285 

Asp 

Ile 

Ile 

Ala 

Teu 
365 

Phe 

Ile 
30 

Glu 

Teu 

Phe 

Glin 

Teu 
110 

Ile 

Pro 

Gly 
190 

Ser 

Asn 

Teu 

Wall 
27 O 

Asp 

Ala 

Thr 

Ala 

Wall 
350 

Ser 

Phe 

Asp 
15 

Thr 

Ala 

Telu 

Gly 

Arg 
95 

Ile 

Ser 

Ala 

Gly 

Wall 
175 

Gly 

Glu 

Pro 

Arg 
255 

Telu 

Lys 

Thr 

Gly 

Ala 
335 

Pro 

Pro 

Pro 

Phe 

Cys 

Ala 

Gly 

Ala 

Ile 

Lys 

Arg 

Ser 

His 

Ile 
160 

Telu 

Wall 

Wall 

Asp 

Phe 
240 

Wall 

Wall 

Ala 

Met 

Lys 
320 

Arg 

Ser 

Thr 

Phe 

Ala 
400 

100 



101 

Ala Ile Ile Ser His Glu Thr 
405 

Ile Gly Pro His Ala Ser Ser 
420 

Arg Asn. Glu Lieu. Thir Lieu Pro 
435 

Pro Thr Leu Ala Glu Val Trp 
450 455 

Thr Pro Leu. His Met Pro Pro 
465 

<400 

470 

SEQ ID NO 91 
LENGTH 129 
TYPE PRT 

ORGANISM: Chlamydia 

SEQUENCE: 91 

Met His His His His His His 

Pro Ala Lys Lys Lys Lieu Lys 

Gly Ser Ala Arg Ser Asp Glu 
35 

Glu Ala Arg Ala Ser Glu Lieu 
5 O 55 

Ser Lieu Lieu Glin Ser Glu Tyr 
65 70 

Val Glin Ser Asp Ile Lys Arg 
85 

Glin Arg His Arg Lieu Ser Lieu 
100 

Asn Ser Arg Thr Arg Lys Gly 

Lys 

<400 

115 

SEQ ID NO 92 
LENGTH 202 
TYPE PRT 

ORGANISM: Chlamydia 

SEQUENCE: 92 

Met His His His His His His 
5 

Pro Asp Phe Ser Gly Lys Ala 

Ser Lieu Ala Asp Phe Arg Gly 
35 

Lys Asp Phe Thr Tyr Val Cys 
5 O 55 

Arg Lieu Val Asp Phe Glu Glu 
65 70 

Val Asp Asp Ile Glu Thir His 
85 

Ala Gly Gly Ile Glu Gly Thr 
100 

Thr 

Telu 

Cys 
4 40 

Ala 

Ala 

Met 

Ile 

Ile 
40 

Thr 

Thr 

Telu 

Pro 

Lys 
120 

Met 

Wall 

Lys 
40 

Pro 

His 

Ser 

Glu 

Glin 

Ile 
425 

Ile 

Glu 

Pro 

Ser 
25 

Ile 

Glu 

Wall 

Ile 

Wall 
105 

Arg 

Gly 

Wall 
25 

Thr 

Gly 

Arg 

Tyr 
105 

Glin 
410 

Ser 

Ser 

Arg 
10 

Telu 

Glu 

Glu 

Ala 
90 

Arg 

Ser 
10 

Wall 

Glu 

Ala 

Trp 
90 

Pro 

Ile 

Glu 

Glu 

Ala 

Ile 

Thr 

Glu 

Gly 
75 

Ile 

Gly 

Thr 

Teu 

Gly 

Wall 

Teu 

Wall 
75 

Teu 

Teu 
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Leu Gly Ala Tyr Val 
415 

Ile Thir Leu Ala Wall 
430 

Thir Ile His Ala His 
4 45 

Leu Lleu Ala Val Asp 
460 

Ile Gly Ile Asp Ile 
15 

Tyr Ile Tyr Gly Ile 
30 

Leu Lys Lieu. Asp Pro 
45 

Val Gly Arg Lieu. Asn 
60 

Asp Leu Arg Arg Arg 
8O 

His Ser Tyr Arg Gly 
95 

Glin Arg Thr Lys Thr 
110 

Val Ala Gly Lys Lys 
125 

Val Gly Arg Glin Ala 
15 

Glu Glu Lys Glu Ile 
30 

Leu Phe Phe Tyr Pro 
45 

His Ala Phe Glin Asp 
60 

Val Lieu Gly Cys Ser 
8O 

Thr Val Ala Arg Asp 
95 

Leu Ala Asp Pro Ser 
110 

102 
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Phe Lys Ile Ser Glu Ala Phe Gly Val Lieu. Asn. Pro Glu Gly Ser Lieu 
115 120 125 

Ala Lieu Arg Ala Thr Phe Lieu. Ile Asp Llys His Gly Val Ile Arg His 
130 135 1 4 0 

Ala Val Ile Asn Asp Lieu Pro Leu Gly Arg Ser Ile Asp Glu Glu Lieu 
145 15 O 155 160 

Arg Ile Leu Asp Ser Lieu. Ile Phe Phe Glu Asn His Gly Met Val Cys 
1.65 170 175 

Pro Ala Asn Trp Arg Ser Gly Glu Arg Gly Met Val Pro Ser Glu Glu 
18O 185 190 

Gly Leu Lys Glu Tyr Phe Gln Thr Met Asp 
195 200 

<210 SEQ ID NO 93 
&2 11s LENGTH 19 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: made in a lab 

<400 SEQUENCE: 93 

Glu Asn. Ser Lieu Glin Asp Pro Thr Asn Lys Arg Asn. Ile Asn Pro Asp 
1 5 10 15 

Asp Llys Lieu 

<210 SEQ ID NO 94 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 94 

Asp Pro Thr Asn Lys Arg Asn. Ile Asn Pro Asp Asp Lys Lieu Ala Lys 
1 5 10 15 

Val Phe Gly. Thr 
2O 

<210 SEQ ID NO 95 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 95 

Lys Arg Asn. Ile Asn Pro Asp Asp Llys Lieu Ala Lys Val Phe Gly Thr 
1 5 10 15 

Glu Lys Pro Ile 
2O 

<210 SEQ ID NO 96 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 96 

Asp Asp Llys Lieu Ala Lys Val Phe Gly Thr Glu Lys Pro Ile Asp Met 
1 5 10 15 

Phe Glin Met Thr 

104 
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<210 SEQ ID NO 97 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 97 

Lys Val Phe Gly Thr Glu Lys Pro Ile Asp Met Phe Gln Met Thr Lys 
1 5 10 15 

Met Wal Ser Glin 
2O 

<210 SEQ ID NO 98 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 98 

Asn Lys Arg Asn. Ile Asn Pro Asp Asp Llys Lieu Ala Lys Wall Phe Gly 
1 5 10 15 

Thr Glu Lys Pro 
2O 

<210 SEQ ID NO 99 
&2 11s LENGTH 16 
212s. TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 99 

Asn Lys Arg Asn. Ile Lieu Pro Asp Ala Asn Lieu Ala Lys Wall Phe Gly 
1 5 10 15 

<210> SEQ ID NO 100 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 100 

Lys Met Trp Asp Tyr Ile Lys Glu Asn. Ser Lieu Glin Asp Pro Thr 
1 5 10 15 

<210> SEQ ID NO 101 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 101 

Thr Glu Ile Val Lys Lys Val Trp Glu Tyr Ile Lys Lys His Asn. Cys 
1 5 10 15 

Glin Asp Gln Lys 
2O 

<210> SEQ ID NO 102 
&2 11s LENGTH 2.0 

106 
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&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 102 

Lys Val Trp Glu Tyr Ile Lys Lys His Asn. Cys Glin Asp Glin Lys Asn 
1 5 10 15 

Lys Arg Asn. Ile 
2O 

<210> SEQ ID NO 103 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 103 

Lys Val Trp Glu Tyr Ile Lys Lys His Asn. Cys Glin Asp Glin Lys 
1 5 10 15 

<210> SEQ ID NO 104 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 104 

Ala Glu Lieu. Thr Glu Glu Glu Val Gly Arg Lieu. Asn Ala Lieu Lieu Glin 
1. 5 10 15 

Ser Asp Tyr Val 
2O 

<210 SEQ ID NO 105 
<211& LENGTH 21 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 105 

Leu Glin Ser Asp Tyr Val Val Glu Gly Asp Leu Arg Arg Arg Val Glin 
1 5 10 15 

Ser Asp Ile Lys Arg 
2O 

<210> SEQ ID NO 106 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 106 

Met Pro Arg Ile Ile Gly Ile Asp Ile Pro Ala Lys Lys Lys Lieu Lys 
1 5 10 15 

Ile Ser Lieu. Thr 
2O 

<210 SEQ ID NO 107 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 

108 
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&220s FEATURE 
<223> OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 107 

Ala Glu Lieu. Thr Glu Glu Glu Val Gly Arg Lieu. Asn Ala Lieu Lieu Glin 
1 5 10 

Ser Asp Tyr Val 
2O 

SEQ ID NO 108 
LENGTH 2.0 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 108 

15 

Lieu. Asn Ala Lieu Lleu Glin Ser Asp Tyr Val Val Glu Gly Asp Leu Arg 
1 5 10 

Arg Arg Val Glin 
2O 

SEQ ID NO 109 
LENGTH 2.0 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Made in a lab 

<400 SEQUENCE: 109 

15 

Leu Asn Ser Leu Leu Gln Ser Glu Tyr Thr Val Glu Gly Asp Leu Arg 
1 5 10 

Arg Arg Val Glin 
2O 

What is claimed is: 
1. A method of Stimulating an immune response against a 

Chlamydia antigen in a patient, Said method comprising: 
(a) providing a phannaceutical composition, wherein said 

pharmaceutical composition comprises an isolated 
polypeptide comprising an immunogenic portion of a 
Chlamydia antigen, wherein Said immunogenic portion 
comprises at least 20 contiguous amino acid residues 
from SEQ ID NO:5, wherein said antigen comprises 
the amino acid Sequence encoded by a polynucleotide 
Sequence Selected from the group consisting of (a) a 
sequence encoding the polypeptide of SEQ ID NO:5; 
(b) a sequence 95% identical to a sequence encoding 
the polypeptide of SEQ ID NO:5; and (c) a sequence 
that hybridizes with a sequence encoding the polypep 
tide of SEQ ID NO:5 under moderately stringent 
conditions, and a physiologically acceptable carrier, 
wherein the polypeptide encoded by the polynucleotide 

40 

45 

50 

55 

15 

of (b) or (c) binds to an antibody or T-cell that is 
specific for the polypeptide of SEQ ID NO:5; 

(b) administering said pharmaceutical composition to the 
patient; and 

(c) thereby Stimulating an immune response in the patient. 
2. The method of claim 1, wherein Said polypeptide is 

encoded by a polynucleotide Selected from the group con 
sisting of (a) the polynucleotide of SEQ ID NO:1, (b) a 
polynucleotide at least 95% identical to SEQ ID NO:1; and 
(c) a polynucleotide that hybridizes with SEQ ID NO:1 
under moderately Stringent conditions, wherein Said 
polypeptide encoded by the polynucleotide of (b) or (c) 
binds to an antibody or T-cell that is specific for the 
polypeptide of SEQ ID NO:5. 

3. The method of claim 1, wherein Said immunogenic 
portion comprises SEQ ID NOS:13 or 14. 

k k k k k 
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